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I.  INTRODUCTION 
The purpose of t h e  Hampton Roads 208 Study i s  t o  a s s e s s  
t h e  p r e s e n t  and f u t u r e  water  q u a l i t y  cond i t i ons  i n  t h e  s tudy  
a r e a  and t o  develop a  wastewater management p l a n t  t o  achieve 
c e r t a i n  wate r  q u a l i t y  goa l s .  The s tudy  inc luded  a l l  major 
e s t u a r i e s  i n  t h e  a r e a ,  and among o t h e r  t h i n g s ,  took account 
of popula t ion  and i n d u s t r i a l  growth, e f f l u e n t  q u a l i t y  ( a s  
mandated by PL92-500) and nonpoint  sources  of p o l l u t i o n .  Land 
use  maps f o r  1975, e s t i m a t e s  of f u t u r e  land  use ,  popula t ion  
p r o j e c t i o n s  and many o t h e r  elements of t h e  s tudy  i n i t i a t e d  i n  
1974 provided t h e  founda t ion  upon which t h e  wate r  q u a l i t y  
work was based. P r o j e c t i o n s  of p o i n t  source  d i scha rges ,  bo th  
f lows and p o l l u t a n t  l oads ,  were developed by B e t z -  Converse- 
Murdoch, Inc .  (Task Package 4 ) .  The s t u d i e s  of nonpoint  
sources  of p o l l u t i o n  were conducted p r i m a r i l y  by Malcolm 
P i r n i e  Engineers ,  Inc .  (Task Package 5) . Twenty-five s i t e s  
i n  t h e  two planning d i s t r i c t s  were sampled dur ing  each of two 
r a i n  even t s  by VIMS dur ing  t h e  pe r iod  March through October 
1976. Data from t h e s e  f i e l d  s t u d i e s  were used by MPEI t o  
c a l i b r a t e  t h e  mathematical  model of s u r f a c e  runoff  c a l l e d  
STORM (Storm, Treatment,  Overflow and Runoff Model).  This 
model then  was used t o  p r o j e c t  nonpoint  l oads  a t  t h e  time of 
water  q u a l i t y  surveys  and f o r  f u t u r e  t imes.  
Water q u a l i t y  s t u d i e s  were i n  Task Package 3 ,  wi th  VIMS 
( t h e  V i r g i n i a  I n s t i t u t e  of Marine Science)  t h e  consu l t an t .  
This work involved f i v e  s t e p s :  1) i n t e n s i v e  surveys  of wate r  
q u a l i t y  i n  n ine  e s t u a r i e s  i n  t h e  s tudy  a r e a ;  2 )  review of 
t h e  f i e l d  d a t a  t o  determine p r e s e n t  (1975/76) c o n d i t i o n s ;  
3) t h e  c a l i b r a t i o n  and v e r i f i c a t i o n  of mathematical  models 
of water  q u a l i t y ;  4 )  p r o j e c t i o n s  of wate r  q u a l i t y  cond i t i ons  
f o r  each e s t u a r y  i n  t h e  y e a r s  1977, 1983 and 1995; and 5) 
development of r e g i o n a l  s t r a t e g i e s  u s ing  t h e  informat ion 
ga thered  i n  t h e  e a r l i e r  p o r t i o n s  of t h e  s tudy.  The model 
s t u d i e s  s y n t h e s i z e ,  i n  g r e a t  p a r t ,  t h e  work of most elements 
i n  t h e  e n t i r e  2 0 8  s tudy:  s p e c i f i c a l l y ,  t h e  model p r o j e c t i o n s  
use  e s t i m a t e s  of p o i n t  and nonpoint  load ings  from t a s k  
packages 4 and 5. 
F i e l d  s t u d i e s  were conducted i n  n ine  e s t u a r i e s  w i t h i n  
t h e  208 s tudy  a rea :  t h e  Pagan, Nansemond and E l i z a b e t h  R ive r s ,  
t h e  James River  up t o  t h e  conf luence wi th  t h e  Chickahominy 
River ,  t h e  York River ,  Back and Poquoson Rivers ,  L i t t l e  Creek 
Harbor and t h e  Lynnhaven Bay system ( s e e  F igu re  1). This  
r e p o r t  summarizes t h e  r e s u l t s  of t h e  f i e l d  surveys  (Chapter  I I ) ,  
t h e  model runs  f o r  t h e  f i v e  r e g i o n a l  s t r a t e g i e s  (Chapter  1 1 1 1 ,  
s p e c i a l  t o p i c s  concerning water  q u a l i t y  (Chapter  I V )  and 
conc lus ions  and recommendations (Chapter  V ) .  
F igure  1. The Hampton Roads 208 Study Area showing 
t h e  e s t u a r i e s  surveyed and modelled. 
D e s c r i ~ t i o n  of t h e  Studv Area 
The Hampton Roads 208 Study A r e a  covers  t h e  Peninsu la  
and Southeas te rn  V i r g i n i a  planning d i s t r i c t s .  Land use  w i th in  
t h i s  a r e a  v a r i e s  from h igh  d e n s i t y  urban c e n t e r s ,  such a s  
downtown Norfolk,  t o  r u r a l  a r e a s  c h a r a c t e r i z e d  by ex t ens ive  
f o r e s t s  and farms,  such a s  I s l e  of Wight County. The 
urbanized a r e a s  i nc lude  much of t h e  c i t i e s  of H 
Newport News, Poquoson and Will iamsburg,  and p a r t s  of  York 
and James C i t y  c o u n t i e s  on t h e  Peninsu la .  On t h e  sou ths ide ,  
t h e  urbanized a r e a s  a r e  cen te red  p r i m a r i l y  i n  t h e  c i t i e s  of  
V i r g i n i a  Beach, Norfolk ,  Portsmouth, and p a r t s  of  Chesapeake 
and Suf fo lk .  
M i l i t a r y  i n s t a l l a t i o n s  can be found i n  n e a r l y  every 
p a r t  of t h e  s tudy  a r e a .  These, p l u s  a cons ide rab le  p o r t i o n  
of t h e  i n d u s t r i e s ,  a r e  l o c a t e d  h e r e  because of t h e  e x c e l l e n t  
n a t u r a l  harbors .  One of t h e  f i r s t  drydocks cons t ruc t ed  i n  
t h e  United S t a t e s  i s  a t  t h e  Norfolk Naval Shipyard,  and 
sh ipbu i ld ing  and r e p a i r s  remains a mainstay of t h e  l o c a l  
economy. Other p roduc ts  of t h e  reg ion  a r e  seafood,  s y n t h e t i c  
f i b r e s ,  chemicals ,  f e r t i l i z e r s  and brewery produc ts .  Shipping 
a c t i v i t i e s  a l s o  a r e  v i t a l  t o  t h e  a r e a ' s  economy. 
I n  t h e  r u r a l  a r e a s ,  peanut  p roduc t ion ,  hog r a i s i n g  and 
process ing  of each are impor tan t  economic a c t i v i t i e s .  The normal 
range of o t h e r  l i v e s t o c k  and c rops  a r e  grown i n  t h e  a r e a ,  too.  
The t e r r a i n  i s  g e n e r a l l y  f l a t ,  wi th  ve ry  l i t t l e  r e l i e f  
i n  t h e  a r e a s  seaward of t h e  Su f fo lk  s ca rp .  However, near  
Williamsburg and i n  a  few o t h e r  a r e a s  one can f i n d  s t e e p  
v a l l e y s .  The c l ima te  has  been c l a s s i f i e d  a s  humid s u b t r o p i c a l .  
The t o t a l  annual  r a i n f a l l  i s  on t h e  o r d e r  of 1 0 0  cm, which, 
on t h e  average,  i s  d i s t r i b u t e d  f a i r l y  evenly throughout t h e  
year .  During any s i n g l e  yea r  t h e  d i s t r i b u t i o n  can be q u i t e  
uneven due t o  droughts ,  hu r r i canes  and "nor-bheasters".  Only 
a  smal l  p o r t i o n  of t h e  p r e c i p i t a t i o n  occurs  a s  snow. 
Foci  of Water Oua l i t v  S t u d i e s  
A s  mentioned e a r l i e r ,  t h e  purpose of t h e  Hampton Roads 
208 Study was t o  develop a  r e g i o n a l  wate r  q u a l i t y  management 
p l an  t h a t  i nco rpo ra t ed  nonpoint  sources  of p o l l u t i o n  a s  w e l l  
a s  municipal  and i n d u s t r i a l  wastewaters.  The Hampton Roads 
Water Q u a l i t y  Agency was charged wi th  t h r e e  b a s i c  r e s p o n s i b i l -  
i t i e s :  (1) t o  e v a l u a t e  t h e  need f o r  reduced waste  load ings  
beyond those  mandated by t h e  Clean Water Act Amendments of 
19721 ( 2 )  t o  a s s e s s  t h e  magnitude and impact of nonpoint 
sources  of p o l l u t i o n  and ( 3 )  t o  develop a  c o n t r o l s  program 
t o  meet t h e  1983 g o a l  of " f i s h a b l e ,  swimmable wate rs" .  
Although t h e  purview given t o  t h e  208 Agency was very broad,  
i n  p r a c t i c e  t h e  s t u d i e s  were of a  more l i m i t e d  n a t u r e  due t o  
r e s t r i c t i o n s  imposed by t h e  U.  S. Environmental P r o t e c t i o  
Agency. Because funds  were l i m i t e d ,  heavy meDals, p e s t i c i d e s  
and o t h e r  t o x i c  subs tances  were n o t  i nco rpo ra t ed  i n t o  t h e  
program. Opinions may vary a s  t o  t h e  wisdom of t h e s e  r e s t r i c -  
t i o n s ,  b u t  t h e  f a c t  remains t h a t  t h e  scope of t h e  s t u d i e s  was 
r e s t r i c t e d  t o  t h e  more t r a d i t i o n a l  measures of water  q u a l i t y .  
Those a s p e c t s  of wate r  q u a l i t y  which were s t u d i e d ,  bo th  
i n  t h e  f i e l d  and i n  t h e  mathematical  models a r e :  d i s so lved  
oxygen l e v e l s ,  f e c a l  contamination and n u t r i e n t  enrichment. 
Dissolved oxygen (DO) i s  necessary  f o r  n e a r l y  a l l  of t h e  h i g h e r  
some animals ,  such as t h e  b lue  c r a b ,  w i l l  l e a v e  t h e  wate rs  
and go on to  t h e  shore .  F i n f i s h  w i l l  t r y  t o  avoid oxygen 
dep le t ed  wate rs  and s h e l l f i s h  w i l l  d i s con t inue  pumping. I f  
t h e  low D O ' S  a r e  s eve re  and widespread,  f i s h  k i l l s  and o t h e r  
l o s s e s  of marine r e sou rces  can occur .  For t h e s e  reasons ,  
wate r  q u a l i t y  s t anda rds  f o r  d i s so lved  oxygen have been s e t  by 
t h e  S t a t e  Water Cont ro l  Board. For e s t u a r i n e  wate rs  minimum 
pe rmis s ib l e  oxygen concen t r a t i on  i s  4 mi l l ig rams  of DO per  
l i t r e  of wate r  ( 4  mg/ l ) ,  and d a i l y  average concen t r a t i on  
should be above 5 mg/l. 
Dissolved oxygen i s  u t i l i z e d  by animals r e s i d i n g  i n  
t h e  water  and by t h e  micro-organisms which break down d e t r i t u s .  
I n  p a r t i c u l a r ,  o rgan ic  m a t t e r  i n  wastewaters ,  l and  runof f ,  
bottom sediments and marshes can consume much of t h e  DO.  
This  a b i l i t y  t o  consume oxygen i s  measured by t h e  BOD t e s t  
(Biochemical Oxygen Demand). Waste-laden wate rs  a r e  h e l d  
a t  a  c o n s t a n t  temperature  ( u s u a l l y  20°c) f o r  a  pe r iod  ( u s u a l l y  
5  d a y s ) .  The oxygen consumed dur ing t h a t  pe r iod  i s  determined,  
and us ing  a  few assumptions,  t h e  u l t i m a t e  oxygen can be 
e s t ima ted  a s  w e l l .  
Engineers d i f f e r e n t i a t e  between t h e  oxygen demand due 
t o  carbonaceous m a t e r i a l s  (such a s  p l a n t  d e t r i t u s  i n  runof f )  
and n i t rogenous  subs tances  ( such  a s  u rea  i n  domestic waste- 
w a t e r s ) ,  c a l l e d  CBOD and NBOD r e s p e c t i v e l y .  Because t h e  
b a c t e r i a  r e s p o n s i b l e  f o r  t h e  demands have d i f f e r e n t  r a t e s  of 
growth, t h e  CBOD u s u a l l y  i s  e x e r t e d  sooner and more r a p i d l y .  
t h e  carbonaceous BOD. A s  a  r u l e  of thumb, t h e  u l t i m a t e  CBOD 
w i l l  be about  one and a  h a l f  t i m e s  t h e  5-day BOD. S ince  many 
n i t r o g e n  compounds e x i s t  i n  wastewaters  and t h e  r i v e r s ,  t h e  
ox ida t ion  w i l l  r e q u i r e  vary ing  amounts of oxygen. However, 
f o r  modell ing purposes it has  been assumed t h a t  s imple  
s to i ch iome t ry  f o r  o x i d i z i n g  o rgan ic  n i t r o g e n  t o  n i t r a t e  p e r t a i n s .  
Thus, u l t i m a t e  NBOD equa l s  4 . 5 7  t imes t h e  T o t a l  Kje ldah l  
Ni t rogen ( T K N ) ,  which i n c l u d e s  bo th  o rgan ic  and ammonia 
n i t rogen .  F a c t o r s  c o n t r o l l i n g  d i s s o l v e d  oxygen concen t r a t i ons  
p l u s  CBOD and NBOD loads  e n t e r i n g  t h e  va r ious  e s t u a r i e s  w i l l  
be  d i scussed  i n  l a t e r  s e c t i o n s  of  t h e  r e p o r t .  
F e c a l  contamination of wa te r s  i s  undes i r ab l e ,  p r i m a r i l y  
due t o  concern f o r  p u b l i c  h e a l t h .  Disease  t ransmiss ion  could 
occur through c o n t a c t  wi th  t h e  wate r  o r  by consumption of 
seafood. I n  g e n e r a l ,  wate r  q u a l i t y  management o f f i c i a l s  d e s i r e  
t o  c o n t r o l  m a t t e r s  s o  t h a t  s e r i o u s  contamination never  occurs .  
For t h i s  reason ,  a  s i n g l e  type  of b a c t e r i a ,  f e c a l  co l i fo rms ,  
has been used a s  an i n d i c a t o r  organism; t h a t  i s ,  presence of  
f e c a l  co l i fo rms  i s  i n t e r p r e t e d  t o  i n d i c a t e  some f e c a l  contam- 
i n a t i o n  by warm-blooded animals.  Most f e c a l  co l i fo rms  a r e  n o t  
d i s e a s e  producing and occur  i n  f a r  g r e a t e r  numbers than t h e  
d i s e a s e  producing f e c a l  co l i fo rms  and o t h e r  pathogens. Water 
q u a l i t y  s t anda rds  have been set  by t h e  Water Cont ro l  Board f o r  
both  r e c r e a t i o n a l  wa te r s  and f o r  s h e l l f i s h  growing a r e a s .  
" I n  a l l  s u r f a c e  wa te r s ,  except  t hose  where l ea sed  
p r i v a t e  o r  p u b l i c  s h e l l f i s h  beds a r e  p r e s e n t ,  t h e  f e c a l  
co l i fo rm b a c t e r i a  s h a l l  n o t  exceed a  l o g  mean of 2 0 0  f e c a l  
co l i fo rm b a c t e r i a  p e r  1 0 0  m l  of wate r  w i th  n o t  more than  1 0  
p e r c e n t  of t h e  t o t a l  samples dur ing  any 30-day pe r iod  exceeding 
400  pe r  1 0 0  m l .  Eva lua t ion  should be determined by e i t h e r  t h e  
mu l t i p l e - tube  fe rmenta t ion  f o r  marine wate r  o r  t h e  membrane 
f i l t e r  method f o r  f r e s h  wate r  and should be  based upon n o t  
l e s s  than  t e n  samples taken over no t  more than  a  30-day pe r iod . "  
" I n  a l l  open ocean o r  e s t u a r i n e  wa te r s  capable  of  
propagat ing s h e l l f i s h  o r  i n  s p e c i f i c  a r e a s  where p u b l i c  o r  
l ea sed  p r i v a t e  s h e l l f i s h  beds a r e  p r e s e n t ,  and inc lud ing  t h o s e  
wa te r s  on which condemnation o r  r e s t r i c t i o n  c l a s s i f i c a t i o n s  
a r e  e s t a b l i s h e d  by t h e  S t a t e  Department of Hea l th ,  t h e  
fo l lowing  s t anda rd  f o r  f e c a l  co l i fo rm b a c t e r i a  w i l l  apply:  
The median f e c a l  co l i fo rm va lue  f o r  a  sampling s t a t i o n  
s h a l l  n o t  exceed an MPN of 1 4  p e r  100 m l  of sample and n o t  
more than  1 0 %  of samples s h a l l  exceed 43 f o r  a  5 tube ,  3  
d i l u t i o n  t e s t  o r  4 9  f o r  a  3  t ube ,  3  d i l u t i o n  t e s t . "  
The p l a n t s  i n  e s t u a r i e s  r e q u i r e  n u t r i e n t s  t o  grow, w i t h  
n i t r o g e n ,  phosphorus and carbon being t h e  ones r equ i r ed  i n  
g r e a t e s t  q u a n t i t y .  J u s t  a s  f e r t i l i z i n g  a  farm produces g r e a t e r  
c rop  y i e l d s ,  n u t r i e n t  enrichment of  e s t u a r i e s  s t i m u l a t e s  p l a n t  
growth t h e r e .  Dense blooms of a l g a e  can be u n s i g h t l y  and 
c r e a t e  many secondary wate r  q u a l i t y  problems. B i o l o g i s t s  a l s o  
worry t h a t  changes i n  n u t r i e n t  l e v e l s  w i l l  a l t e r  t h e  k inds  
of a l g a e  growing by f avo r ing  one s p e c i e s  over  another .  S h i f t s  
i n  s p e c i e s  composit ion can a f f e c t  seafood produc t ion ,  s i n c e  
some animals ,  such a s  t h e  e a s t e r n  o y s t e r ,  a r e  r a t h e r  s e l e c t i v e  
i n  t h e i r  feed ing  h a b i t s .  F i n a l l y  pho tosyn thes i s  and r e s p i r a -  
t i o n  by a l g a e  can produce d a i l y  v a r i a t i o n s  i n  DO l e v e l s .  
Unfor tuna te ly ,  no s t anda rds  have been promulgated f o r  n u t r i e n t  
l e v e l s ,  phytoplankton c o n c e n t r a t i o n s  o r  l i m i t s  on d i u r n a l  
v a r i a t i o n s  i n  DO. 
Fac to r s  Con t ro l l i ng  Water Q u a l i t y  
One of t h e  i n t e r e s t i n g  r e s u l t s  of t h e  Hampton Roads 208 
Study i s  t h a t  each of t h e  e s t u a r i e s  has  a c h a r a c t e r  t h a t  i s  
d i s t i n c t  and d i f f e r e n t  from t h e  o t h e r s .  However, a  few 
g e n e r a l  p r i n c i p l e s  w i l l  ho ld  t r u e  i n  a l l  i n s t a n c e s .  Some of 
t h e s e  w i l l  be p re sen ted  t o  a s s i s t  t h e  r eade r  i n  t h e  i n t e r p r e -  
t a t i o n  of f i e l d  and modell ing r e s u l t s .  
Phys i ca l  f a c t o r s  a r e  extremely important  i n  determining 
water  q u a l i t y .  For  t h e  major e s t u a r i e s  t h e  volume of wate r  
which i s  a v a i l a b l e  t o  d i l u t e  wastes  i s  enormous. The t i d a l  
prism, t h e  volume between low water  and high wa te r ,  f o r  t h e  
James River i s  around 3 x  l o 8  cub ic  metres  and t h a t  f o r  t h e  
8 3 York i s  1 . 2  x 1 0  m . Mean low water  volumes f o r  t h e  James 
and York Rivers  a r e  2 4  x  1 0 8 m 3  (more than  h a l f  a  cub ic  mi le )  
and 9 . 1  x 1 0 8 m 3  ( abou t  a  f i f t h  of a  cub ic  mi le )  r e s p e c t i v e l y .  
The o s c i l l a t i n g  t i d a l  c u r r e n t s  b r i n g  i n  l a r g e  volumes of 
" c l ean  water" on each f lood  t i d e  and r a p i d l y  d i s p e r s e  and 
d i l u t e  waste s t reams.  
An o l d  adage s t a t e s  t h a t  " t h e  s o l u t i o n  t o  p o l l u t i o n  i s  
d i l u t i o n " .  What t h i s  means i s  t h a t  t h e  impact of a  p o l l u t a n t  
w i l l  be aba ted  i f  t h e  concen t r a t i on  of t h a t  p o l l u t a n t  i s  
reduced through d i l u t i o n .  Although t h e  p o s i t i v e  e f f e c t s  of 
d i l u t i o n  a r e  appa ren t ,  t h e  l i m i t a t i o n s  of an approach based 
s o l e l y  on d i l u t i o n  a l s o  a r e  widely recognized.  The moderating 
i n f l u e n c e  of t h e  t i d e s  i s  g r e a t  f o r  t hose  p o l l u t a n t s  which 
e i t h e r  a r e  d i s so lved  i n  t h e  wate r  o r  a r e  suspended i n  t h e  wate r  
column. But m a t e r i a l s  a s s o c i a t e d  wi th  p a r t i c l e s  which s e t t l e  
t o  t h e  bottom w i l l  remain i n  t h e  r i v e r  f o r  a  long pe r iod  of 
t ime and w i l l  be f l u shed  o u t  of t h e  system by d i f f e r e n t  
p rocesses .  Heavy meta l s  and p e s t i c i d e s  a r e  two contaminants 
which tend t o  adsorb  onto  p a r t i c l e s  and o f t e n  accumulate i n  
t h e  bottom sediments.  The r e s idence  t ime f o r  t h i s  type  of 
contaminant i s  much longer  and t h e  a s s i m i l a t i o n  capac i ty  of 
t h e  system f o r  t h e s e  contaminants i s  much sma l l e r  than it i s  
f o r  a  d i s so lved  p o l l u t a n t .  
The moderating i n f l u e n c e  of t h e  t i d e s  diminishes  
towards t h e  upper ends of t h e  e s t u a r i e s .  I n  p a r t i c u l a r ,  f o r  
t h e  smal l  e s t u a r i e s  t r i b u t a r y  t o  t h e  James, t i d a l  c u r r e n t s  
a r e  extremely weak and t i d a l  f l u s h i n g  i s  poor i n  t h e  upper 
reaches  of t h e  r i v e r s .  Freshwater flow t o  t h e s e  e s t u a r i e s  
a l s o  can be smal l  which r e s u l t s  i n  a  very slow advec t ive  
t r a n s p o r t  of p o l l u t a n t s  downriver. I n  g e n e r a l ,  t i d a l  f l u s h i n g  
mixes and d i s p e r s e s  m a t e r i a l s  e n t e r i n g  t h e  r i v e r s ,  wh i l e  
advec t ive  t r a n s p o r t ,  due t o  f reshwater  f lows,  c a r r i e s  t h e  
m a t e r i a l  downriver and e v e n t u a l l y  t o  t h e  s ea .  S ince  both  
mechanisms a r e  weak i n  t h e  headwaters,  p o l l u t a n t s  d i scharged  
t o  t h e s e  reaches  tend t o  remain i n  t h e  system f o r  long p e r i o d s  
of t ime,  sometimes causing s i g n i f i c a n t  environmental  degrada- 
t i o n .  S t a t e d  somewhat d i f f e r e n t l y ,  t h e  r e s idence  t ime of a 
subs tance  t ends  t o  i n c r e a s e  a s  one p rog res se s  up a  r i v e r  o r  
e s tua ry .  This  occurs  no t  only  because a  g r e a t e r  d i s t a n c e  
must be  t r a v e l e d  b u t  a l s o  because t i d a l  mixing i s  weak and 
t h e r e  can be l i t t l e  advec t ive  t r a n s p o r t ,  e s p e c i a l l y ,  dur ing  
t h e  c r i t i c a l ,  and o f t e n  d ry ,  summer months. 
The s o l u b i l i t y  of oxygen i n  wate r  v a r i e s  w i th  bo th  
temperature  and s a l i n i t y  and i n  an i n v e r s e  f a sh ion  f o r  both .  
Thus, d i s so lved  oxygen (DO)  l e v e l s  can be  expected t o  dec rease  
s l i g h t l y  from f r e shwa te r  a r e a s  t o  t hose  w i th  s a l t y  water .  
And DO l e v e l s  w i l l  be h ighe r  i n  t h e  w i n t e r  than i n  t h e  summer. 
Unfor tunate ly ,  t h e  d ry  p e r i o d s  i n  l a t e  summer f r e q u e n t l y  
r e s u l t  i n  e l e v a t e d  wate r  t empera tures  (up t o  30°c) and t h e  
h i g h e s t  s a l i n i t y  v a l u e s  of t h e  yea r .  Combined, t h e s e  reduce 
t h e  s a t u r a t i o n  va lue  of oxygen t o  l e v e l s  on ly  s l i g h t l y  h i g h e r  
t han  t h e  wate r  q u a l i t y  s tandards .  
B i o l o g i c a l  p rocesses  a r e  impor tan t  t o o ,  e s p e c i a l l y  when 
water  temperatures  a r e  high and t h e  r a t e s  of t h e  processes  
a r e  r ap id .  For example, i n  w i n t e r  o rgan ic  ma t t e r  d i scharged  
t o  an e s t u a r y  decomposes ve ry  s lowly,  and whi le  t h i s  occu r s  
it a l s o  i s  being t r a n s p o r t e d  downriver. Consequently, t h e  
impact of t h i s  p roces s  i s  spread  o u t  over long reaches  of t h e  
r i v e r .  I n  t h e  summer, t h e  phys i ca l  t r a n s p o r t  p rocesses  can 
be very slow, a s  mentioned e a r l i e r ,  b u t  t h e  r a t e  of  decomposi- 
t i o n  can be q u i t e  r a p i d .  The b a c t e r i a  which degrade t h e  
o rgan ic  ma t t e r  u t i l i z e  oxygen. The end r e s u l t  i s  t h a t  t h e  
impact of a  p o l l u t a n t  d i s cha rge  i s  compressed t o  a  smal l  
p o r t i o n  of t h e  r i v e r  and DO levels i n  t h a t  segment can be 
depressed g r e a t l y .  
5 
0 5 1 0  15 2 0  25 30 
S a l i n i t y  ( p p t )  
F igu re  2.  Va r i a t i on  of d i s s o l v e d  oxygen 
s a t u r a t i o n  v a l u e s  w i th  s a l i n i t y  
and temperature.  
N u t r i e n t  l e v e l s  can va ry  a s  a  r e s u l t  of sed imenta t ion  
and i n t e r a c t i o n  w i t h  t h e  p l a n t  l i f e .  The mathematical  models 
i nc lude  t h e  uptake of t h e  n u t r i e n t s  phos 
phytoplankton ( a l g a e ) ,  and t h e  even tua l  r e l e a s e  of t h e s e  
elements back t o  t h e  wate r  column a s  t h e  dead p l a n t  c e l l s  a r e  
decomposed. Ni t rogen and phosphorus e n t e r  t h e  e s t u a r i e s  i n  
domestic sewage, some i n d u s t r i a l  wastewaters ,  and storm r u n o f f ,  
e s p e c i a l l y  from h e a v i l y  f e r t i l i z e d  lawns and croplands .  
The models a l s o  s imu la t e  t h e  d i s t r i b u t i o n  of f e c a l  
co l i fo rm b a c t e r i a ,  a p a r t i c u l a r  t ype  of b a c t e r i a  which i s  used 
by many p u b l i c  h e a l t h  agenc ies  t o  e v a l u a t e  t h e  c l e a n l i n e s s  of 
wa te r s ,  e s p e c i a l l y  s h e l l f i s h  growing a r e a s .  The models 
i nc lude  t h e  p h y s i c a l  p roces ses  which w i l l  t r a n s p o r t  and 
d i s p e r s e  t h e  b a c t e r i a  and t h e  b i d l o j i c a l  r a t e  of dea th .  A 
f i x e d  p o r t i o n  of t h e  b a c t e r i a  a r e  assumed t o  d i e  each day. 
B a c t e r i a l  l e v e l s  normally a r e  low i n  t h e  e s t u a r i e s ,  except  
a f t e r  r a i n  even t s  when runof f  t r a n s p o r t s  l a r g e  numbers of 
b a c t e r i a .  
11. WATER QUALITY CONDITIONS I N  1975-76 
F i e l d  s t u d i e s  of  t h e  e s t u a r i e s  were conducted i n  1 9 7 5  
( t h e  f o u r  Small  Coas t a l  Basins)  and 1976 ( t h e  James and i t s  
t r i b u t a r i e s  and t h e  York R ive r ) .  I n  g e n e r a l ,  t h e r e  was an 
i n t e n s i v e  survey and s e v e r a l  s l a c k  wate r  surveys  of each 
r i v e r .  During an i n t e n s i v e  survey,  s t a t i o n s  were monitored on 
a  r e g u l a r  b a s i s  f o r  2 t i d a l  cyc l e s .  DO, s a l i n i t y ,  temperature  
were measured every  hour,  and BOD, n u t r i e n t s ,  f e c a l  co l i fo rms ,  
ch lo rophy l l  "a"  w e r e  sampled every t h r e e  hours.  Samples were 
taken a t  one o r  more depths  a t  each s t a t i o n .  These d a t a  sets 
were used t o  determine e x i s t i n g  wate r  q u a l i t y  and t o  c a l i b r a t e  
math models. For  f u r t h e r  d e t a i l s ,  t h e  r eade r  i s  r e f e r r e d  t o  
t h e  wate r  q u a l i t y  and model r e p o r t s  which have been completed 
f o r  each e s t u a r y .  
During s l a c k  wate r  surveys ,  a  boa t  fo l lows  s l a c k  t i d e  
a s  it p rog res se s  up t h e  r iver ,  wi th  sampling normally on ly  
a t  t h e  mid-channel and a t  i n t e r v a l s  of s e v e r a l  mi les .  I n  
g e n e r a l ,  wate r  c o n s t i t u e n t s  t end  t o  have maximum o r  minimum 
va lues  a t  s l a c k  t i d e ,  s o  t h a t  t h i s  type  of survey provides  an 
easy  way t o  c h a r a c t e r i z e  a  t i d a l  system. These d a t a  s e t s  
u s u a l l y  were used t o  v e r i f y  t h e  math models. 
Pagan River  
The i n t e n s i v e  survey showed t h a t  t h e  Pagan River had 
numerous wate r  q u a l i t y  problems. The e n t i r e  r i v e r  was c lo sed  
f o r  t h e  d i r e c t  ha rves t ing  of s h e l l f i s h .  Feca l  co l i fo rm counts  
i n  t h e  upper reaches  of t h e  r i v e r  f r e q u e n t l y  were above 2 0 0  MPN/ 
1 0 0  m l  and, t h e r e f o r e ,  appeared t o  v i o l a t e  t h e  water  q u a l i t y  
s tandard  f o r  s u r f a c e  waters .  N u t r i e n t  l e v e l s  i nc reased  w i t h  
d i s t a n c e  u p r i v e r  from t h e  mouth. Alga l  concen t r a t i ons  i nc reased  
i n  a  s i m i l a r  f a sh ion  and were s u f f i c i e n t l y  dense t o  c o n s t i t u t e  
a  bloom i n  t h e  v i c i n i t y  of Smi th f i e ld .  Because of t h e  dense 
phytoplankton popula t ion ,  a  pronounced d i u r n a l  v a r i a t i o n  i n  
d i s so lved  oxygen l e v e l s  was observed.  Where a l g a l  l e v e l s  were 
high,  t h e  magnitude of t h e  DO v a r i a t i o n  w a s  l a r g e  and d a i l y  
minimum va lues  f r e q u e n t l y  were below 4 mg/l. Values a s  low a s  
2 mg/l were observed on occasion.  Benthal  oxygen demand was 
h ighe r  than  t h a t  occu r r ing  i n  s i m i l a r  nearby e s t u a r i e s : a n d  
c o n t r i b u t e d  t o  t h e  low DO l e v e l s .  
I t  appears  t h a t  i n p u t s  from municipal  sewage t r ea tmen t  
p l a n t s ,  meat packing p l a n t s  and stormwater r u n o f f ,  p l u s  t h e  
n a t u r a l  cond i t i ons  e x i s t i n g  i n  and near  s a l t  wate r  marshes, 
a l l  c o n t r i b u t e  t o  t h e  problem. Dissolved oxygen l e v e l s  f e l l  
below both  t h e  minimum and t h e  d a i l y  average s t anda rds .  The 
exces s ive  a l g a l  popu la t ions ,  extreme v a r i a t i o n s  i n  DO, and 
h igh  n u t r i e n t  l e v e l s  a l l  i n d i c a t e d  t h a t  t h e  upper reaches  of 
t h e  Pagan were over  enr iched .  Although t h e  exac t  sources  of 
t h e  f e c a l  p o l l u t i o n  were no t  documented, t h e  r e s u l t i n g  condi- 
t i o n s  v i o l a t e d  wate r  q u a l i t y  s t anda rds ,  thereby render ing  t h e  
wa te r  u n f i t  f o r  r e c r e a t i o n a l  a c t i v i t i e s  and a l s o  u n s u i t a b l e  
f o r  t h e  c u l t u r e  of s h e l l f i s h .  I n  f a c t ,  cond i t i ons  i n  t h e  
Pagan River were about  t h e  wors t  observed i n  t h e  s tudy  a r e a ,  
a t  l e a s t  w i t h  r e s p e c t  t o  t hose  a s p e c t s  of water  q u a l i t y  which 
were monitored. 
Nansemond River 
Water q u a l i t y  cond i t i ons  i n  t h e  Nansemond River were 
s i m i l a r  t o  t hose  of t h e  Pagan. High l e v e l s  of n u t r i e n t s ,  
phytoplankton and f e c a l  co l i fo rms  have been recorded i n  t h e  
p a s t ,  a long wi th  extremely low d i s so lved  oxygen concen t r a t i ons .  
The 1976 s l a c k  wate r  surveys  showed s i m i l a r  cond i t i ons :  
n u t r i e n t ,  ch lo rophy l l  and f e c a l  co l i fo rm l e v e l s  were h igh  and 
inc reased  wi th  d i s t a n c e  from t h e  r i v e r  mouth. Feca l  co l i fo rm 
counts  were above 1000 MPN/100 m l  near  Su f fo lk  and much of  t h e  
r i v e r  was c lo sed  f o r  s h e l l f i s h  ha rves t ing .  DO va lues  nea r  t h e  
bottom f r e q u e n t l y  were below t h e  4 mg/l s tandard .  But v a l u e s  
a t  t h e  s u r f a c e  f r e q u e n t l y  were s u p e r s a t u r a t e d ,  i n d i c a t i n g  
s t r o n g  p l ank ton ic  a c t i v i t y .  
Although cond i t i ons  were no t  good, they  were no t  
q u i t e  a s  s eve re  a s  t hose  i n  t h e  Pagan River.  A l a r g e  p o r t i o n  
of t h e  watershed i s  upstream of wate r  supply r e s e r v o i r s .  
Therefore ,  a p o r t i o n  of t h e  p o l l u t a n t  load  i n  stormwater 
runoff  never reaches  t h e  r i v e r .  The Nansemond a l s o  has  a  
l a r g e r  a s s i m i l a t i o n  capac i ty  due t o  i nc reased  t i d a l  f l u s h i n g .  
Both t h e  t i d a l  prism and t h e  mean low water  volume f o r  t h e  
Nansemond a r e  about f i v e  t i m e s  l a r g e r  than t h o s e  f o r  t h e  Pagan 
River.  A d d i t i o n a l l y ,  some evidence sugges t s  t h a t  t h e r e  has  
been an improvement i n  water  q u a l i t y  over t h e  l a s t  decade. 
However, p o l l u t a n t  l oad ings  must be  g r e a t l y  reduced it v io l a -  
t i o n s  of wate r  q u a l i t y  s t anda rds  a r e  t o  be e l imina ted .  
E l i z a b e t h  River 
Large volumes of t r e a t e d  municipal  and i n d o s t r i a l  waste- 
wa te r s  a r e  d i scharged  t o  t h e  E l i z a b e t h  River ,  and t h e  r i v e r  
r e c e i v e s  runoff  from t h e  Norfolk and Portsmouth urban a r e a s  
as w e l l  a s  a g r i c u l t u r a l  runoff  f u r t h e r  up t h e  t r i b u t a r i e s .  
Consequently, t h e r e  a r e  wate r  q u a l i t y  problems. During t h e  
i n t e n s i v e  survey ch lo rophy l l  "a"  l e v e l s  normally were a t  o r  
below 2 0  pg / l ,  b u t  i n  t h e  upper reaches  of t h e  Southern Branch 
t h e r e  was an a l g a l  bloom wi th  ch lo rophy l l  ranging up t o  
220 pg/ l .  Dissolved oxygen l e v e l s  f e l l  below 4 mg/l 
occas iona l ly  a t  many s t a t i o n s .  Between Lambert 's  P o i n t  and 
Deep Creek d a i l y  averages  were o f t e n  below 5 mg/l and read ings  
below 4 mg/l were common. Feca l  co l i fo rm l e v e l s  were very 
high i n  much of t h e  r i v e r ,  ranging up t o  s e v e r a l  thousand MPN 
p e r  1 0 0  rnillilitres of  wate r .  
Problems i n  t h e  El izabebh River would be much worse 
were it n o t  f o r  t h e  l a r g e  volume of wate r  e n t e r i n g  on each 
f lood  t i d e .  The t i d a l  pr ism,  t h e  d i f f e r e n c e  between high 
wate r  and low water  volumes, i s  more than  30 m i l l i o n  cub ic  
metres.  The major municipal  t r ea tmen t  p l a n t s  d ischarged about  
52 m i l l i o n  g a l l o n s  of e f f l u e n t  p e r  day dur ing  1 9 7 6 .  BOD 
loads  t o t a l l e d  over  60,000 pounds p e r  day du r ing  Ju ly  1976, 
t h e  time of t h e  i n t e n s i v e  survey,  b u t  ranged from around 
50,000 pounds p e r  day t o  nea r ly  70,000 pounds pe r  day du r ing  
t h e  year .  
Although f e c a l  co l i fo rm counts  were high throughout  
much of t h e  system, it appears  t h a t  t h e  t r ea tmen t  p l a n t s  were 
n o t  r e spons ib l e  f o r  t h i s  s i t u a t i o n .  Commercial and r e c r e a t i o n a l  
boa t ing  a c t i v i t i e s  might have been sources ,  bu t  t h e  f i e l d  
s t u d i e s  d i d  n o t  a c t u a l l y  demonstrate t h a t  t h e s e  o r  any o t h e r  
s p e c i f i c  sources  were c o n t r i b u t i n g  t h e  f e c a l  wastes.  
N u t r i e n t s  l e v e l s  were h igh ,  w i t h  n i t r o g e n  more l i k e l y  
t o  l i m i t  a l g a l  growth than  phosphorus. Tu rb id i ty ,  r e l a t i v e l y  
deep channels  and s t r o n g  mixing a r e  be l i eved  t o  be f a c t o r s  
i n  holding down ch lo rophy l l  "a"  l e v e l s .  The a l g a l  blooms 
observed were i n  t h e  shal low and q u i e t  wate rs  of t h e  Southern 
Branch near  Grea t  Bridge.  
James River 
During t h e  J u l y  1976 i n t e n s i v e  f i e l d  survey,  wate r  
q u a l i t y  i n  t h e  lower James River w a s  q u i t e  good. Dissolved 
oxygen va lues  normally were around 6 mg/l, wi th  only  a  few 
measurements below 5 mg/l, most of t h e s e  occu r r ing  i n  t h e  
very deep p o r t i o n  of Hampton Roads nea r  S e w e l l ' s  P o i n t .  
Chlorophyl l  "a"  concen t r a t i ons  g e n e r a l l y  w e r e  around 1 0  pg / l  
o r  l e s s ,  and t h e  maximum va lues  observed were about 2 5  pg / l .  
Feca l  co l i fo rm l e v e l s  were high i n  a  few a r e a s :  t h e  no r the rn  
shore  of Hampton Roads, and near  t h e  mouth of  t h e  E l i z a b e t h  
River.  
An enormous volume of water  i n  t h e  James i s  a v a i l a b l e  
t o  d i l u t e  wastes .  I n  a d d i t i o n ,  t h e  l a r g e  t i d a l  prism mixes 
and d i s p e r s e s  waste s t reams.  I n  g e n e r a l ,  t h e  James i s  " c l e a n e r "  
than  t h e  t h r e e  t r i b u t a r i e s  a s  evidenced by lower concen t r a t i ons  
of n u t r i e n t s ,  BOD, ch lo rophy l l  and f e c a l  co l i fo rms  a t  t h e  
t r i b u t a r y  mouths. Problems i n  t h e  James tend  t o  be l i m i t e d  
t o  a r e a s  near  t h e  t r i b u t a r i e s  and t h e  very deep p o r t i o n s  (more 
than  2 5  m e t r e s )  of Hampton Roads. Other problem a r e a s ,  such 
a s  t h e  presence of t o x i c  subs tances  i n  d i scha rges ,  t h e  wate r  
and t h e  sediments ,  were inc luded  i n  t h e  s tudy  proposed i n  t h e  
o r i g i n a l  g r a n t  a p p l i c a t i o n  b u t  were e l imina t ed  by EPA. 
Therefore ,  t h e  208 Study d i d  n o t  address  t h e s e  problems. 
York River  
Although p o i n t  d i s cha rges  t o  t h e  York River  a r e  few, 
water  q u a l i t y  i n  1976 was compromised i n  s e v e r a l  ways. F i r s t  
b a c t e r i a l  q u a l i t y  i s  n o t  good nea r  West P o i n t  o r  i n  t h e  smal l  
t r i b u t a r i e s .  The predominant cause  of t h e  former appears  t o  
be f low from a lagoon a t  t h e  Chesapeake Corporat ion s i t e  a s  
w e l l  a s  s e v e r a l  smal l  d i s cha rges  t o  a creek running through 
West P o i n t  t o  t h e  Mattaponi River.  Whatever t h e  causes  may 
be,  b a c t e r i a l  l e v e l s  were e l e v a t e d  i n  t h e  main channel  of t h e  
r i v e r  below West P o i n t ,  and t h e  River  was c lo sed  f o r  d i r e c t  
s h e l l f i s h  ha rves t ing .  Add i t i ona l ly ,  v i r t u a l l y  a l l  of  t h e  
t r i b u t a r y  streams were condemned because of nonpoint  p o l l u t i o n .  
Marinas, boa t ing  a c t i v i t i e s ,  w i l d l i f e ,  l i v e s t o c k ,  p r i v i e s ,  
malfunct ioning s e p t i c  systems and o t h e r  a c t i v i t i e s  have been 
i d e n t i f i e d  by t h e  Bureau of S h e l l f i s h  S a n i t a t i o n  a s  t h e  
sources  of  f e c a l  p o l l u t i o n  i n  t h e s e  and o t h e r  smal l  c o a s t a l  
s treams.  
The second problem a r e a  was low va lues  of d i s so lved  
oxygen i n  t h e  bottom waters  of t h e  lower reaches  of t h e  York, 
s p e c i f i c a l l y  between t h e  Coleman Bridge and Chesapeake Bay. 
The i n t e n s i v e  survey showed t h a t  d i s so lved  oxygen concentra-  
t i o n s  were below 4 mg/l much of t h e  t i m e  f o r  water  a t  o r  below 
4 metres depth.  For i n t e rmed ia t e  depth ( 4  t o  1 0  metres)  
va lues  f r e q u e n t l y  Qere  between 2 and 4 mg/l, whi le  a t  g r e a t  
depths  (more than 1 0  metres)  va lues  o f t e n  were between 1 and 
2 mg/l. These bottom waters  even had a few read ings  below 1 
mg/l. The e x a c t  cause of t h i s  cond i t i ons ,  how it develops 
and s o  on a r e  n o t  w e l l  known. However, i t  appears  t h a t  t h e  
phys i ca l  p rocesses  a r e  n o t  capable  of supplying enough oxygen 
t o  bottom waters  t o  s a t i s t y  t h e  oxygen demand. This  occurs  
even though salinity stratification usually is not strong 
(surface to bottom differences of around 2 to 4 parts per 
thousand). The manner in which these anoxic conditions 
develop and persist merits study in the future. 
Nutrient levels are reasonably high, and probably 
could support denser algal populations were other factors 
appropriate. Mixing, the great depth of the river and turbidity 
could be controlling algal growth. Although few problems 
related to nutrient enrichment are apparent at present, 
nutrient levels should be followed closely in the future. 
Large variations in dissolved oxygen concentrations between 
dawn and dusk observed at a few stations indicate that 
photosynthesis can alter DO levels, even if in only localized 
areas. 
The stresses resulting from these various problems 
appear to have ecological ramifications. Scientists state 
that shellfish grow more slowly now than these animals did 10 
or 20 years ago. Additionally, there have been dramatic 
shifts in the numbers and types of benthic organisms. Although 
no cause-and-effect relationships have been documented, many 
scientists believe that there is a trend of deteriorating 
conditions in the York River. With these qualitative state- 
ments in mind, it is clear that management of water quality 
in the York is a complex matter. 
Back and Poquoson Rivers 
At the time of the July 1975 intensive surveys, nitrogen 
and phosphorus concentrations were high in both Back River 
and Poquoson River. There were pronounced dirunal fluctuations 
in dissolved oxygen concentrations at several stations. 
Although chlorophyll "a" levels averaged around 10 yg/l, the 
diurnal variation in DO levels indicates that photosynthetic 
production of oxygen by phytoplankton is an important factor 
in controlling dissolved oxygen concentrations in the water. 
The large difference between maximum and minimum DO concentra- 
tions (nearly 4 mg/l at several stations) is representative 
of an unstable condition., Although average DO concentrations 
were w e l l  above t h e  5 mg/l s t anda rd ,  t h e  p o t e n t i a l  t o  d e p l e t e  
oxygen r e s e r v e s  e i t h e r  a t  n i g h t  o r  dur ing  prolonged cloudy 
pe r iods  i s  g r e a t  f o r  t h e s e  cond i t i ons .  Consequently, it 
appears  t h a t  n u t r i e n t  l e v e l s  should be reduced i f  cont inued 
produc t ive  use  of t h e  wate rs  i s  des i r ed .  
S ince  t h e r e  a r e  very few and only smal l  p o i n t  sou rces  
i n  t h e s e  b a s i n s ,  nonpoint  sources  of p o l l u t i o n  a r e  c o n t r o l l i n g  
r e c e i v i n g  water  q u a l i t y .  Examination of s l a c k  wate r  d a t a  
ga thered  i n  September 1975, s h o r t l y  a f t e r  a  heavy r a i n  storm, 
showed h igh  n u t r i e n t  l e v e l s  and f e c a l  co l i fo rm counts  w e l l  
above t h e  s t anda rds  f o r  s h e l l f i s h  growing waters .  More s tudy  
of stormwater runoff  i s  needed. 
L i t t l e  Creek Harbor 
Water q u a l i t y  i n  L i t t l e  Creek Harbor dur ing  t h e  September 
1975 i n t e n s i v e  survey was good, wi th  t h e  except ion  of  b a c t e r i a l  
q u a l i t y .  Both t o t a l  and f e c a l  co l i fo rm counts  were w e l l  above 
t h e  r e s p e c t i v e  s t anda rds  f o r  t h e  s h e l l f i s h  growing waters .  I n  
f a c t ,  t h e  harbor  has been condemned s i n c e  1935, and t h e  
a d j a c e n t  p o r t i o n  of Chesapeake Bay s i n c e  1969. Sewage d i s -  
charges  from naval  v e s s e l s  p o s s i b l y  were t h e  source  of t h e  
b a c t e r i a ,  b u t  no sources  were a c t u a l l y  i d e n t i f i e d  dur ing  t h e  
f i e l d  surveys .  
N u t r i e n t  l e v e l s  were h igh ,  b u t  a l g a l  concen t r a t i ons  
w e r e  low ( 5  t o  1 0  ug of ch lo rophy l l  "a"  per  l i t r e )  perhaps 
due t o  t h e  depth of  t h e  water  and mixing. BOD concen t r a t i ons  
were low and DO l e v e l s  were w e l l  above t h e  5  mg/l s t anda rd .  
The Lynnhaven Bay System 
During t h e  September 1975 i n t e n s i v e  survey,  wate r  
q u a l i t y  i n  Lynnhaven, Broad and Linkhorn Bays was good i n  most 
r e s p e c t s .  Dissolved oxygen va lues  were around 7 mg/l i n  
Lynnhaven Bay and around 8 mg/l i n  Broad and Linkhorn Bays. 
Alga l  popula t ions  were no t  excess ive ;  ch lo rophy l l  "a" concen- 
t r a t i o n s  were nea r ly  always below 20 pg / l  and averaged about  
1 0  pg/ l .  N u t r i e n t  concen t r a t i ons ,  e s p e c i a l l y  phosphorus, were 
high  and could have supported denser  phytoplankton popula t ions .  
Phosphorus l e v e l s  showed d i s t i n c t  t i d a l  v a r i a t i o n s  i n  both  
t h e  Eas t e rn  and Western Branches of Lynnhaven which might 
i n d i c a t e  even h ighe r  l e v e l s  of n u t r i e n t s  i n  t h e  headwaters 
of  t h e s e  two t r i b u t a r i e s .  I f  t h i s  were t h e  ca se ,  a l g a l  
d e n s i t i e s  a l s o  would be  high dur ing  a t  l e a s t  p a r t  of t h e  year .  
The moderate c o n c e n t r a t i o n s  of p lankton which were observed 
could be t h e  r e s u l t  of  wate r  temperatures  (approximately  20°c) 
s u b s t a n t i a l l y  lower t han  peak va lues  f o r  t h e  summer (around 
28Oc). 
Feca l  co l i fo rm and t o t a l  co l i fo rm l e v e l s  were v a r i a b l e  
w i th  t h e  s t a g e  of t h e  t i d e ;  va lues  above t h e  s h e l l f i s h  s t anda rds  
were observed a t  most s t a t i o n s .  Pub l i c  h e a l t h  o f f i c i a l s  s t a t e  
t h a t  stormwater runoff  i s  s u f f i c i e n t l y  poor i n  q u a l i t y  t o  
r e q u i r e  c l o s u r e  of t h e  s h e l l f i s h  grounds dur ing  r a i n y  pe r iods .  
S ince  t h e  t ime of t h e  i n t e n s i v e  survey,  t h e  l a r g e s t  
p o i n t  source  ( t h e  Oceana NAS sewage t r ea tmen t  p l a n t )  has gone 
" o f f - l i n e " .  The p o l i c y  of t h e  S t a t e  Water Cont ro l  Board 
appears  t o  f avo r  e l i m i n a t i o n  of a l l  p o i n t  d i s cha rges  t o  t h e  
system. Nonpoint l oads ,  on t h e  o t h e r  hand, probably w i l l  
i n c r e a s e  due t o  u rban iza t ion  of t h e  surrounding land.  
Summary 
Dissolved oxygen l e v e l s  were good i n  most a r eas .  
Problems were observed i n  t h e  f a r  u p r i v e r  reaches  of t h e  
Pagan River ,  Nansemond River  and Southern Branch of t h e  
E l i zabe th .  These problems a r o s e  p r i m a r i l y  because of  t h e  
very l i m i t e d  a s s i m i l a t i o n  c a p a c i t y  of t h e  r i v e r s  a t  t h e s e  
l o c a t i o n s .  Low D O ' S  were observed i n  t h e  bottom waters  of 
t h e  York River and near  t h e  mouth of Hampton Roads a t  dep ths  
g r e a t e r  t han  1 0  metres .  Although exac t  cause  and e f f e c t  
mechanisms a r e  n o t  known, it i s  l i k e l y  t h a t  t h e  g r e a t  dep ths  
i n  t h e s e  a r e a s  r e s u l t  i n  l i m i t e d  t r a n s f e r  of oxygen t o  t h e  
bottom waters  s o  t h a t  oxygen r e s e r v e s  can be dep le t ed  a t  
t imes.  DO concen t r a t i ons  below t h e  4 mg/l s t anda rd  were 
common i n  much of t h e  E l i z a b e t h ,  w i th  t h e  l a r g e  o rgan ic  
load ings ,  l i m i t e d  t i d a l  f l u s h i n g  and average depths  on t h e  
o rde r  of 1 0  met res  p o s s i b l e  causes  f o r  t h i s  phenomenon. 
N u t r i e n t  l e v e l s  g e n e r a l l y  were r a t h e r  h igh ,  b u t  
excess ive  a l g a l  popula t ions  were noted on ly  i n  t h e  upper 
reaches  of t h e  Pagan and Nansemond Rivers  and t h e  Southern 
Branch of t h e  E l i z a b e t h .  One s i d e  e f f e c t  was t h a t  DO concen- 
t r a t i o n s  v a r i e d  g r e a t l y  dur ing  t h e  day i n  response t o  photo- 
s y n t h e t i c  a c t i v i t y .  The o rgan ic  load ing  from dead plankton 
was g r e a t  enough t o  r e s u l t  i n  depressed D O ' S  a t  a  few s t a t i o n s .  
I n  most of t h e  s tudy  a r e a ,  o t h e r  f a c t o r s  appear t o  be l i m i t i n g  
a l g a l  growth. However, t h e  need f o r  r e g u l a t i o n s  de f in ing  
d e s i r e d  c o n d i t i o n s  i s  apparent .  I t  would be very u s e f u l  t o  
have a  wate r  q u a l i t y  index f o r  use  i n  c h a r t i n g  t h e  changes 
which have occur red  over  t h e  yea r s .  Without such r e g u l a t i o n s  
and i n d i c e s  it i s  l i k e l y  t h a t  some of t h e  wate rs  i n  t h e  s tudy  
a r e a  w i l l  become overenr iched  which could have s e r i o u s  e f f e c t s  
on t h e  produc t ion  of s h e l l f i s h  and f i n f i s h .  
Feca l  contaminat ion,  a s  evidenced by h igh  f e c a l  co l i fo rm 
l e v e l s ,  impacted many of t h e  s u b e s t u a r i e s .  Sources u s u a l l y  
were n o t  i d e n t i f i e d ,  b u t  g e n e r a l l y  a r e  b e l i e v e d  t o  be storm- 
water  runoff  and o t h e r  d i f f u s e  o r  nonpoint  sources .  Many 
a r e a s  a r e  condemned f o r  d i r e c t  s h e l l f i s h  h a r v e s t i n g  which 
has a  nega t ive  impact on t h e  seafood i n d u s t r y .  Coliform 
l e v e l s  i n  t h e  Pagan, Nansemond and E l i z a b e t h  Rivers  were 
s u f f i c i e n t l y  h igh  t o  make t h e  wa te r s  u n s u i t a b l e  f o r  r ec rea -  
t i o n a l  purposes.  These con t inu ing  problem a r e a s  war ran t  
f u r t h e r  s tudy ,  w i t h  a  view toward determining t h e  a c t u a l  
sources  of  f e c a l  co l i fo rms ,  t h e i r  p u b l i c  h e a l t h  s i g n i f i c a n c e ,  
and improved ways of d e a l i n g  withjthem. ~ a c t e r i a l  e v e l s  i n  
t h e  James and York R ive r s ,  and i n  Back and Poquoson Rivers ,  
were low, excep t  nea r  h e a v i l y  p o l l u t e d  t r i b u t a r i e s .  
111. FIVE REGIONAL ALTERNATIVES 
Mathematical models were utilized in several portions 
of the Hampton Roads 208 Study. Betz-Converse-Murdoch used 
one model, FLOWGEN, to generate wastewater flows and charac- 
teristics for industrial and municipal sources. Malcolm 
Pirnie Engineers, Inc., calibrated the model, STORM, to 
generate stormwater runoff flows and loads for various rain- 
fall sequences. The outputs from both models were supplied 
to VIMS for use in math model studies of the receiving waters. 
Each river model was calibrated using intensive survey data 
and verified with the slack water data. Descriptions of the 
models used and documentation of the calibration are given 
in the several model reports which have been submitted to 
the Agency. The reader is referred to these reports for 
details. 
Approach to Math Modelling 
In recent years, the field of mathematical modelling 
of water quality has blossomed, and a wide variety of models 
exists for studying environmental questions. A philosophy 
for modelling was stated by the parent agencies of the Hampton 
Roads Water Quality Agency in their initial proposals to 
the Environmental Protection Agency. During the course of 
the study, this philosophy was defined and refined by the 
modellers jointly with the management consultant and the 
other contractors. The following section attempts to document 
the approach which was used in order to facilitate interpre- 
tation of the results of the modelling studies: 
Number of dimensions - from the point of view of computer time 
and complexity of computer programs, the dimensions of time 
and space are interchangeable. Thus, "steadyTstateV models 
frequently include two-dimensional features, while non-steady 
state models simplify the,spatial characterization 05 the 
water bodies. A decision made early in the program 
was to use "real time" models which would include variations 
in water quality during the flood and ebb tidal cycles and 
following transient events such as rainstorms. All models 
utilized have time-varying aspects, although those used for 
Little Creek Harbor and Lynnhaven Bay give predictions for 
high water slack only. Since temporal variations were a major 
feature of the models, it was necessary to employ one- 
dimensional models in most cases. For rivers which are much 
longer than they are wide, such as the Pagan River, this is 
completely reasonable since the dominant water quality changes 
occur along the longitudinal axis of the river. For broad 
rivers, water quality can vary across the river as well as 
down its axis. Therefore, for the James River Estuary a 
model was employed which includes both horizonbal dimansions. 
For the York River, the field data indicated that there were 
significant variations in water quality in the vertical 
direction as well, so, a "quasi-three dimensional" model was 
used. The river was divided into a large number of segments 
or "boxes" with many boxes along the river length, three 
across the river at any point and two layers in the vertical 
direction. In general, models were selected to capture the 
essential characteristics of the water body under study. 
Water quality measures - the models generally included ten 
variables. Dissolved oxygen is probably the most important 
single measure of water quality. DO levels are affected by 
physical features, as well as organic loads (included as BOD) 
and nitrification of organic and ammonia nitrogen. Nutrient 
cycling was modelled, with chlorophyll "a" representing the 
mass of algae present in the water. And fecal coliforms were 
included as the indicator,of bacterial quality of the water. 
Although many other constituents and substances could 
have been modelled, it was not possible within this study to 
collect the necessary data to accomplish this. The modelling 
efforts are much more comprehensive than most prior studies 
since they provide predictions of: 1) dissolved oxygen, 
which is needed by most aquatic organisms for survival and 
which is prescribed by standards; 2) the level of nutrient 
enrichment ( e u t r o p h i c a t i o n )  a s  shown by n i t r o g e n ,  phosphorus 
and phytoplankton l e v e l s ;  and 3) b a c t e r i a l  q u a l i t y  of t h e  
wa te r ,  us ing  f e c a l  co l i fo rms  a s  t h e  i n d i c a t o r  organisms. 
This  i s  impor tan t  f o r  Tidewater s i n c e  t h e  e s t u a r i e s  a r e  used 
t o  grow s h e l l f i s h  and f o r  numerous r e c r e a t i o n a l  a c t i v i t i e s ,  
and f e c a l  co l i fo rm counts  a r e  used i n  many management dec i s ions .  
However, i t  must be  noted t h a t  t h e r e  a r e  a  number of ques t ions  
about  t he  a c t u a l  sou rces  and t r u e  h e a l t h  meanings of t h e  
s e v e r a l  f e c a l  co l i fo rms  and a s s o c i a t e d  b a c t e r i a l  and v i r a l  
organisms. 
P o i n t  sources  - volumet r ic  flow r a t e s  and p o l l u t a n t  d i s cha rge  
r a t e s  f o r  major i n d u s t r i e s  and municipal  t rea tment  p l a n t s  
were p r o j e c t e d  by Betz-Converse-Murdoch and suppl ied  t o  VIMS 
f o r  use  i n  t h e  wate r  q u a l i t y  modelling. For t h e  1977 
p r o j e c t i o n s ,  d i s c h a r g e r s  were assumed t o  be  us ing  "Best  
P r a c t i c a b l e  Treatment" technology,  and f o r  t he  1995 p r o j e c t i o n s ,  
it was assumed t h a t  "Bes t  Avai lab le  Technology" was being 
u t i l i z e d .  For t h e  yea r  1983, bo th  BPT and BAT p r o j e c t i o n s  
w e r e  a v a i l a b l e ,  and bo th  d a t a  s e t s  w e r e  used f o r  water  
q u a l i t y  p r e d i c t i o n s .  
Nonpoint sources  - nonpoint  source  e s t i m a t e s  were developed 
by Malcolm P i r n i e  ~ n g i n e e r s ,  I nc .  u s ing  t h e  mathematical  
model STORM. A p o r t i o n  of t h e  r a i n f a l l  record  f o r  1957 was 
used t o  determine t h e  q u a n t i t y  and q u a l i t y  of runoff  f o r  a  
s e r i e s  of storm even t s  wi th  d i f f e r i n g  r a i n f a l l  d u r a t i o n ,  
i n t e n s i t y  and t o t a l  p r e c i p i t a t i o n .  The p r o j e c t e d  runoff  l oads  
were apport ioned t o  r i v e r  segments by account ing f o r  land 
use ,  n a t u r a l  d r a inage  p a t t e r n s ,  and o t h e r  germane f a c t o r s ;  
they were e n t e r e d  i n t o  t h e  wate r  q u a l i t y  model on a d a i l y  
b a s i s  f o r  t hose  days having p r e c i p i t a t i o n  s u f f i c i e n t  t o  cause  
runof f .  A more d e t a i l e d  and complete d e s c r i p t i o n  of how t h e  
r a i n f a l l  sequence was s e l e c t e d  i s  given i n  t h e  i n t e r i m  r e p o r t  
f o r  "work elements 5.3 and 5.5" by MPEI t o  t h e  208 Agency. 
Hydrographic cond i t i ons  - cond i t i ons  observed i n  t h e  1975 and 
1976 f i e l d  surveys  were used wi th  a  few impor tan t  except ions .  
For most of t h e  smal l  e s t u a r i e s ,  no streamflow gaging s t a t i o n s  
e x i s t  w i t h i n  t h e  d ra inage  bas ins .  I n  gene ra l ,  base  f r e shwa te r  
f lows were assumed t o  be  zero except  dur ing  r a i n  even t s ,  when 
flows p r e d i c t e d  by STORM were used. The i n i t i a l  s a l i n i t y  
p r o f i l e s  were t h o s e  observed i n  1975/76. (This  assumption 
was an a b s o l u t e  n e c e s s i t y  i n  s e v e r a l  i n s t a n c e s  s i n c e  v i r t u a l l y  
no d a t a ,  o t h e r  t han  t h e  208 d a t a ,  e x i s t  t o  c h a r a c t e r i z e  
c o n d i t i o n s . )  Water temperature  was h e l d  a t  2 8 O ~  i n  a l l  
e s t u a r i e s  f o r  a l l  model p r o j e c t i o n s .  A review of water  
temperature  d a t a  c o l l e c t e d  a t  t h e  VIMS p i e r  nea r  Gloucester  
P o i n t  i n  t h e  York River between 1954 and 1977 r e v e a l s  s e v e r a l  
0 facts: 1) w a t e r  t empera tures  reached o r  exceeded 28 i n  15  
of t h e  23 y e a r s  f o r  which summer d a t a  was a v a i l a b l e ;  2 )  t h e  
0 
maximum d a i l y  average temperature  was 30 , and t h e  maximum 
temperature  observed was 31.5O; 3) dur ing  s i x  of t h e  23 y e a r s ,  
0 d a i l y  average wa te r  temperatures  were a t  o r  above 28 f o r  8 
consecut ive  days o r  longer .  During bo th  1955 and 1977, t h i s  
pe r iod  l a s t e d  19 consecu t ive  days.  
Boundary c o n d i t i o n s  - f r e q u e n t l y  it i s  necessary  t o  s e t  
boundary c o n d i t i o n s  f o r  models. Water q u a l i t y  cond i t i ons  
observed i n  1975/76 were used s i n c e  t h e r e  was no d e f i n i t i v e  
method t o  p r e d i c t  what t h e  boundary cond i t i ons  would be a t  
f u t u r e  t i m e s .  S ince  wate r  q u a l i t y  c o n d i t i o n s  a r e  l i k e l y  t o  
improve a s  h igher  l e v e l s  of t r ea tmen t  a r e  implemented, t h e  
use  of p r e s e n t  boundary cond i t i ons  i s  conse rva t ive ,  t h a t  i s ,  
it i s  l i k e l y  t o  s l i g h t l y  exaggera te  any problems t h a t  might 
occur.  
Modelling philosophy - a s  t h e  preceding paragraphs  i n d i c a t e ,  
t h e  s c i e n t i s t  o r  eng ineer  e v e n t u a l l y  must s p e c i f y  a l l  condi- 
t i o n s  t o  be t e s t e d  i n  t h e  mathematical  model. Contrary t o  
popular b e l i e f ,  n e i t h e r  computers nor models can,  i n  and of 
themselves,  s o l v e  ou r  problems. Rather they  only al low us t o  
ask more d i f f i c u l t  q u e s t i o n s  and t o  g e t  q u a n t i t a t i v e  answers. 
The choice  of t h e  q u e s t i o n s ,  though, remains wi th  us a s  does 
t h e  s e l e c t i o n  of s o l u t i o n s  t o  t h e  problems. 
For t h e  208 s tudy ,  t h e  o b j e c t i v e  was t o  e v a l u a t e  
p r e s e n t  and f u t u r e  wate r  q u a l i t y  and develop management p l a n s .  
To be meaningful ,  t h e  s tudy  had t o  address  r e a l  and d i f f i c u l t  
problems. To be p r a c t i c a l ,  it could no t  a t t empt  t o  r e s o l v e  
every p o s s i b l e  environmental  problem. To f u r t h e r  complicate  
m a t t e r s ,  many of t h e  tes t  cond i t i ons  which have been s p e c i f i e d  
f o r  f ree- f lowing  r i v e r s  and s t reams (such a s  t h e  "seven-day, 
ten-year  low flow" f o r  r i v e r  d i s cha rge )  cannot  be  c a r r i e d  
over  t o  t h e  e s t u a r i n e  environment. Add i t i ona l ly ,  t h e  modell ing 
program was ambit ious  and probably beyond t h e  " s t a t e  of t h e  
a r t "  f o r  normal planning s t u d i e s .  I n  t h e  end, it was 
necessary  t o  u se  engineer ing  judgement i n  many cases .  The 
purpose of  t h i s  s e c t i o n  i s  t o  e l u c i d a t e  t h e  philosophy o r  
approach used i n  making t h e  d e c i s i o n s  a s  t o  which t o  employ. 
The goa l  was t o  s e l e c t  an a p p r o p r i a t e  s e t  o t  t e s t  
cond i t i ons  s o  t h a t  t h e  even tua l  management p l a n t  would r e s u l t  
i n  high q u a l i t y  wate rs  throughout t h e  s tudy a rea .  Rea l i z ing  
t h a t  t h e  b e s t  p lan  i s  u s e l e s s  i f  t h e  c o s t s  of implementation 
a r e  u n a t t a i n a b l e ,  it was necessary  t o  accep t  t h e  f a c t  t h a t  
w a t e r  q u a l i t y  would n o t  be  good on every  s i n g l e  day i n  each 
and every yea r  of t h e  f u t u r e .  Allowance had t o  be  made f o r  
" r a r e  even t s " ,  such a s  T rop ica l  Storm Agnes. Condi t ions  w e r e  
chosen t o  have a  r ecu r r ence  f requency of once i n  two t o  f i v e  
yea r s .  A r a i n f a l l  record  approximating t h e  des ign  sequence 
i s  es t imated  t o  occur every two o r  t h r e e  years .  S i m i l a r l y ,  
one can expect  wate r  temperatures  t o  be above 28O f o r  a  week 
o r  more about  once every f o u r  yea r s .  The f i n a l  s e t  of  
hydrographic cond i t i ons ,  t h e  des ign  r a i n f a l l  record  and o t h e r  
i n p u t  requirements  f o r  t h e  model a r e  be l i eved  t o  r e p r e s e n t  
cond i t i ons  which can and do occur every  few years .  A s  a 
r e s u l t ,  t h i s  s e t  of cond i t i ons  r e p r e s e n t s  a  " c r i t i c a l  per iod"  
which i s  l i k e l y  t o  occur  o f t e n  i n  t h e  f u t u r e .  I t  i s  n e i t h e r  
t h e  " t y p i c a l  summer condi t ion"  nor could it be c a l l e d  a  
" r a r e  event" .  
Model Study R e s u l t s  
The models were c a l i b r a t e d  and v e r i f i e d  us ing  t h e  f i e l d  
d a t a  s e t s  c o l l e c t e d  i n  t h e  summers of 1975 and 1976. The 
models were then  used t o  p r o j e c t  cond i t i ons  f o r  1977, 1983 
and 1995. I n  t h o s e  i n s t a n c e s  where wate r  q u a l i t y  s t anda rds  
were v i o l a t e d ,  v a r i o u s  c o n t r o l  measures f o r  bo th  p o i n t  and 
nonpoint  sources  were t e s t e d  i n  t h e  models. Following 
pre l iminary  model tests  of t h i s  s o r t ,  f i v e  a l t e r n a t i v e s  were 
t e s t e d  f o r  1995 cond i t i ons .  The s a l i e n t  f e a t u r e s  of t h e s e  
a l t e r n a t i v e s  a r e :  
A l t e r n a t i v e  I :  Municipal  d i s cha rges  a t  BPT, i n d u s t r i a l  
d i s cha rges  a t  BAT, s t r u c t u r a l  methods used t o  c o n t r o l  
nonpoint  sources .  
A l t e r n a t i v e  11: Municipal  and i n d u s t r i a l  d i s cha rges  a t  BPT, 
non- s t ruc tu ra l  methods used t o  c o n t r o l  nonpoint  sources .  
A l t e r n a t i v e  111: Municipal  d i s cha rges  a t  BPT, i n d u s t r i a l  
d i s cha rges  a t  BAT, ze ro  d i scha rges  t o  smal l  e s t u a r i e s ,  
nonpoint  sou rces  c o n t r o l l e d  by a  mix of  s t r u c t u r a l  and 
non- s t ruc tu ra l  t echniques .  
A l t e r n a t i v e  I V :  Municipal  and i n d u s t r i a l  d i s cha rges  a t  BPT, 
modify wate r  q u a l i t y  s t anda rds  i n  some a r e a s ,  g e n e r a l l y  
r e q u i r e  no a c t i o n  by l o c a l  a u t h o r i t i e s .  
A l t e r n a t i v e  V: Explore  i nnova t ive  methods t o  s o l v e  known 
water  q u a l i t y  problems, u t i l i z e  growth c o n t r o l s  and 
management p r a c t i c e s  t o  reduce nonpoint  load ings .  
I n  t h e  fo l lowing  s e c t i o n s  t h e  r e s u l t s  of t h e  model 
s t u d i e s  w i l l  be p resen ted  a long wi th  t h e  response of each 
b a s i n  t o  t h e  f i v e  r e g i o n a l  management p lans .  
Pagan River 
The Pagan River is projected to have water quality 
problems through the year 1995 due to both point and nonpoint 
loads. During dry periods, algal bloom conditions exist in 
the upper third of the river. Following rain events, BOD 
concentrations increase, dissolved oxygen levels decrease, 
usually well below the 4 mg/l standard, and fecal coliform 
counts rise to very high levels. 
Model runs tested the impact of the municipal and the 
industrial discharges and the changes that would occur if ,J. 
all point sources were removed. The municipal treatment 
systems discharge roughly two-thirds of the daily BOD load. 
Since these outfalls are located far upriver, elimination 
of these loads resulted in improvements in the DO levels on 
the order of 0.5 to 1 mg/l for the upper half of the river. 
Inorganic nutrient levels did decrease by about 25% in the 
upper quarter of the river. Nutrient loads from the meat 
packing plants were approximately ten times larger than those 
from the municipal discharges. Therefore, the biggest change 
in nutrient levels and phytoplankton concentrations occurred 
when these discharges were eliminated. Inorganic nutrient 
concentrations dropped nearly an order of magnitude for most 
of the river and chlorophyll "a" levels decreased by about 
25% when both point and nonpoint sources were eliminated. 
Nonetheless, chlorophyll "a" levels were above 50 yg/l for 
the upper third of the river and above 25 yg/l for the middle 
third of the river. In other words, eliminating point sources 
will not resolve water quality problems immediately. 
Following the design storm DO levels drop below the 
4 mg/l standard in the upper half of the river. The minimum 
DO predicted was 2.5 mg/l and the sub-standard conditions 
persisted for about 5 days. Fecal coliform counts rose into 
the thousands but subsided to less than 14 MPN/100 ml in 
about three days. Conditions were only slightly improved when 
there were no point discharges to the river. The estimated 
decrease in nonpoint loads to eliminate DO violations is more 
than  50% reduc t ion  i n  t h e  a n t i c i p a t e d  runoff  loads  f o r  1 9 9 5  
l and  use  cond i t i ons .  
I t  should be  noted t h a t  cond i t i ons  i n  t h e  upper Pagan 
River a r e  complex. There a r e  e x t e n s i v e  t i d a l  marshes and 
bottom d e p o s i t s  of t h e  r i v e r  were shown t o  have high oxygen 
demand and a r e  b e l i e v e d  t o  be n u t r i e n t  r i c h ,  a s  we l l .  One 
would expec t  t h e  "equ i l i b r ium cond i t i ons"  e x i s t i n g  i n  t h e  
r i v e r  t o  change s i g n i f i c a n t l y  i f  t h e  p o i n t  d i s cha rges  were 
e l imina ted .  S p e c i f i c a l l y ,  t h e  o rgan ic  m a t e r i a l s  i n  t h e  bottom 
sediments could be  t h e  d i r e c t  o r  i n d i r e c t  r e s u l t  of p a s t  
d i s cha rges  from t h e  meat packing p l a n t s ,  a s  w e l l  a s  municipal  
e f f l u e n t s  and a g r i c u l t u r a l  runof f .  This  has n o t  been 
documented, nor i s  i t  known t o  what e x t e n t  t h e  marshes and 
bottom sediments b u f f e r  t h e  system and c o n t r o l  wate r  q u a l i t y .  
The model s t u d i e s  appear  t o  i n d i c a t e  t h a t  p o i n t  loads  should 
be g r e a t l y  reduced,  moved t o  l o c a t i o n s  downriver (where 
a s s i m i l a t i o n  c a p a c i t y  i s  g r e a t e r )  o r  e l imina t ed  from t h e  
e s tua ry .  Nonpoint loads  need t o  be d rama t i ca l ly  reduced t o  
achieve wate r  q u a l i t y  s t anda rds  fo l lowing  t h e  des ign  storm. 
I n  f a c t ,  t h e  r e d u c t i o n s  needed probably a r e  beyond those  which 
can be achieved by p r a c t i c a l  c o n t r o l  measures. For t h e s e  
reasons ,  it i s  recommended t h a t  a c t i o n s  be  i n i t i a t e d  t o  reduce 
both  p o i n t  and nonpoint  loads  t o  t h e  Pagan River and t h a t  
t h e s e  e f f o r t s  be  monitored e x t e n s i v e l y  t o  document t h e  
s e v e r i t y  and e x t e n t  of water  q u a l i t y  problems and t o  determine 
t h e  e f f i c a c y  of t h e  va r ious  c o n t r o l  measures. 
Nansemond River  
Model r e s u l t s  i n d i c a t e  t h a t  c o n s t r u c t i o n  of t h e  r e g i o n a l  
t rea tment  p l a n t  and d i scha rge  of t h e  wastewaters t o  t h e  James 
w i l l  g r e a t l y  improve cond i t i ons  i n  t h e  Nansemond. P r o j e c t i o n s  
f o r  1983 were made f i r s t  w i th  a l l  e x i s t i n g  p o i n t  sources  a t  
"BPT" and then wi th  a l l  b u t  a  sma l l  i n d u s t r y  removed, s i n c e  
t h e  proposed Nansemond t rea tment  p l a n t  should be i n  o p e r a t i o n  
by t h a t  time. A comparison of  r e s u l t s  showed dramat ic  changes. 
Even dur ing  dry  weather ,  when p o i n t  sources  e x i s t e d ,  DO l e v e l s  
were w e l l  below t h e  4 mg/l s t anda rd  i n  t h e  uppermost 5  k i l o -  
metres  of t h e  r i v e r .  Following r a i n  even t s ,  t h e  e x t e n t  of 
t h e  impacted a r e a  i nc reased  and a  second a r e a  w i th  low D O ' s  
developed s l i g h t l y  f u r t h e r  downriver. Removing t h e  p o i n t  
sou rces  r e s u l t e d  i n  d ry  weather D O ' s  above 6 mg/l f o r  most 
reaches .  The e x t e n t  and s e v e r i t y  of t h e  impact due t o  
nonpoint  loads  a l s o  were reduced g r e a t l y .  
For 1995 cond i t i ons ,  D O ' s  a r e  p r o j e c t e d  t o  drop below 
t h e  4 mg/l s t anda rd  bo th  i n  t h e  reach 1 2  t o  1 4  mi l e s  above 
t h e  mouth and j u s t  below Lake Kilby.  I n  t h e  middle reaches  
of t h e  r i v e r ,  t h e  minimum DO p r e d i c t e d  i s  about  3 mg/l whereas 
even lower concen t r a t i ons  a r e  p r e d i c t e d  f o r  t h e  reach  below 
Lake Kilby. These model tests assume t h a t  t h e r e  w i l l  be no 
flow from t h e  r e s e r v o i r s ,  a l though t h e r e  could be  cont inued 
overflow which would tend  t o  f l u s h  t h e  sys tem's  loads  
downriver. I n  o r d e r  t o  e l i m i n a t e  a l l  DO v i o l a t i o n s ,  nonpoint  
loads  f o r  1995 land  use  cond i t i ons  need t o  be reduced by about  
75%, a  decrease  t h a t  it w i l l  be d i f f i c u l t  t o  ach ieve  through 
p r a c t i c a l  c o n t r o l  measures. The model p r e d i c t i o n s  show t h a t  
removing t h e  p r e s e n t  p o i n t  sources  from t h e  e s t u a r y  w i l l  
r e s u l t  i n  s i g n i f i c a n t l y  improved water  q u a l i t y .  Some c o n t r o l  
measures a r e  needed now t o  reduce nonpoint  loads  t o  t h e  
Nansemond. However, t h e  q u a n t i t y  and q u a l i t y  of t h e  wate r  
overflowing t h e  two r e s e r v o i r  systems should be  monitored and 
new model runs  made. Nonpoint loads  a r e  p r o j e c t e d  t o  be 
extremely high.  These loads  should be  documented, a s  w e l l  
a s  t h e  e x t e n t  and s e v e r i t y  of t h e  impact on t h e  r ece iv ing  
waters .  Nonetheless ,  t h e  magnitude of t h e  p r e d i c t e d  nonpoint  
loads  i s  s o  l a r g e  t h a t  it i s  recommended t h a t  measures be 
taken now t o  reduce loads ,  a t  l e a s t  through adopt ion of good 
management p r a c t i c e s .  
A l t e r n a t i v e s  I ,  I11 and V appear t o  have t h e  g r e a t e s t  
p o t e n t i a l  f o r  ach iev ing  wate r  q u a l i t y  s t anda rds .  In-stream 
a e r a t i o n ,  augmentation of n a t u r a l  r i v e r  f low by r e l e a s e s  
from t h e  wate r  supply r e s e r v o i r s  o r  6(ther remedial  measures 
probably a r e  needed t o  reach t h i s  goa l .  The s t u d i e s  i n d i c a t e  
t h a t  l a r g e  q u a n t i t i e s  of BOD and n u t r i e n t s  a r e  e n t e r i n g  and 
s e t t l i n g  o u t  i n  t h e  r e s e r v o i r s .  O f f i c i a l s  i n  charge of t h e s e  
water  supply systems should i n v e s t i g a t e  t h i s  f u r t h e r  t o  i n s u r e  
a cont inued supply of h igh q u a l i t y  d r ink ing  water .  
E l i z a b e t h  River 
Water q u a l i t y  problems w i l l  p e r s i s t  i n  t h e  E l i z a b e t h  
River through t h e  yea r  1995. The primary problem appears t o  
be  nonpoint  loads  r a t h e r  t han  p o i n t  source  d i scha rges .  By 
t h e  yea r  1995, it i s  p r o j e c t e d  t h a t  most smal l  p o i n t  sources  
w i l l  be gone, e i t h e r  through hook up w i t h  HRSD o r  by 
a l t e r n a t i v e  d i s p o s a l  methods. Only t h e  P i n n e r ' s  P o i n t ,  Army 
Base and Lambert P o i n t  sewage t r ea tmen t  p l a n t s  and t h e  
V i r g i n i a  Chemicals were p r o j e c t e d  t o  be d i scharg ing  t o  t h e  
E l i z a b e t h  i n  1995. With municipal  p l a n t s  a t  BPT and i n d u s t r y  
a t  BAT, BOD l oads  were on ly  a f r a c t i o n  of 1975 loadings .  
Because of t h e  reduced loads  and d i scha rge  of t h e s e  loads  t o  
t h e  r i v e r  nea r  i t s  mouth, where t i d a l  mixing and f l u s h i n g  
a r e  g r e a t ,  t h e  impact of t h e  p o i n t  sources  was no t  g r e a t .  
Model runs  w i th  no p o i n t  d i s cha rges  showed only modest changes: 
D O ' S  up by less t h a t  0 . 2  mg/l, n u t r i e n t s  and ch lo rophy l l  "a" 
down by only a few pe rcen t .  
I t  i s  important  t o  no te  t h a t  t h e  prev ious  d i s c u s s i o n  
a p p l i e s  on ly  t o  known p o i n t  sources  of  oxygen demanding 
m a t e r i a l s ,  n u t r i e n t s  and f e c a l  co l i fo rms .  E x i s t i n g  f a c i l i t i e s  
t h a t  produce minor d i scharges  of t h e s e  p o l l u t a n t s  b u t  may 
d i scharge  o t h e r  compounds w e r e  no t  inc luded  i n  t h e  model l ing 
s t u d i e s ,  s i n c e  o t h e r  a s p e c t s  of wate r  q u a l i t y  were n o t  funded 
by t h e  Environmental P r o t e c t i o n  Agency. Fu tu re  p o i n t  d i s cha rges  
were n o t  inc luded  s i n c e  t h e r e  was no mechanism t o  e s t i m a t e  
t h e s e  loads .  The proposed o i l  r e f i n e r y  was no t  inc luded  s i n c e  
it has n o t  achieved permi t  approval  even a t  t h i s  d a t e ,  because 
t h e  wate r  q u a l i t y  s t u d i e s  d i d  n o t  i n c l u d e  hydrocarbon ana lyses  
and because t h e  BOD, n u t r i e n t  and co l i fo rm loads  from such 
a f a c i l i t y  a r e  n o t  expected t o  be l a r g e .  
Following t h e  des ign  storm, d i s so lved  oxygen l e v e l s  
a r e  depressed throughout much of t h e  r i v e r .  I n  t h e  upper 
reaches  of t h e  Southern Branch and i n  t h e  Eas t e rn  Branch, D O ' S  
below 4 mg/l were p r e d i c t e d  and much of t h e  r e s t  of t h e  r i v e r  
had d a i l y  averages  below t h e  5 mg/l s tandard .  N u t r i e n t  l e v e l s  
were high throughout  t h e  r i v e r  and a l g a l  d e n s i t i e s  were above 
2 5  yg of ch lo rophy l l  "a" pe r  l i t r e  i n  t h e  headwaters of a l l  
t r i b u t a r i e s .  Dai ly  v a r i a t i o n s  i n  DO of 2 mg/l were n o t  
e l imina t ed  when p r a c t i c a l  c o n t r o l  measures were t e s t e d .  I n  
a d d i t i o n  t o  l a r g e  nonpoint  l oads ,  bo th  from a g r i c u l t u r a l  
a r e a s  and from t h e  urbanized p o r t i o n  of t h e  dra inage  b a s i n ,  
t h e r e  a r e  l a r g e  a r e a s  of t i d a l  marshes which a r e  be l i eved  t o  
p l ay  an impor tan t  r o l e  i n  c o n t r o l l i n g  wate r  q u a l i t y  i n  
a d j a c e n t  wate rs .  Bottom sediments a l s o  a r e  known t o  be h i g h l y  
enr iched  w i t h  n u t r i e n t s .  Thus, improvements due t o  reduced 
p o i n t  and nonpoint  l oads  could be masked by t h e  marshes and 
r e l e a s e s  from t h e  sediments.  
I t  i s  recommended t h a t  t h e r e  be  no new d i scha rges  t o  
t h e  t r i b u t a r i e s  of t h e  E l i z a b e t h ,  s i n c e  t h e s e  a r e a s  a r e  
p r o j e c t e d  have more severe problems now and i n  t h e  f u t u r e .  
Nonpoint l oads  should be  reduced, a l though t h e  decreases  
needed probably cannot be achieved wi th  p r a c t i c a l  c o n t r o l  
measures. Because t h e  l a r g e  p o i n t  sources  d i scha rge  t o  t h e  
e s t u a r y  where t i d a l  f l u s h i n g  i s  s t r o n g ,  t h e r e  w i l l  be only  
modest changes i n  r e c e i v i n g  wate r  q u a l i t y  when l a r g e  changes 
i n  e f f l u e n t  q u a l i t y  a r e  made. I t  i s  p o s s i b l e  t h a t  unusual  
remedial  measures, such as placement of f l o a t i n g  in-s t ream 
a e r a t o r s ,  cou ld  r e s o l v e  some of t h e  wate r  q u a l i t y  problems 
wi th  a much sma l l e r  expendi ture  of  money, thereby  f r e e i n g  
money and e f f o r t  t o  be focused on e l i m i n a t i o n  o r  r educ t ion  
of heavy me ta l s  and o t h e r  hazardous subs tances  which a r e  known 
t o  e x i s t  a t  h igh  l e v e l s  i n  t h e  E l i z a b e t h .  
James River Es tua rv  and HamDton Roads 
Model p r o j e c t i o n s  show t h a t  cond i t i ons  i n  t h e  James 
between Chickahominy River  and Chesapeake Bay, w i l l  be  t h e  
same o r  b e t t e r  i n  t h e  f u t u r e .  Following t h e  design storm 
f o r  1995 c o n d i t i o n s ,  f e c a l  co l i fo rm l e v e l s  go above t h e  
1 4  MPN/100 s h e l l f i s h  s t anda rd  a t  82 of 179 p o i n t s  a t  which 
wate r  q u a l i t y  i s  c a l c u l a t e d .  One day la ter ,  only  50 p o i n t s  
showed high f e c a l  co l i fo rm counts ,  and t h e  number decreased 
t o  only  1 7  by t h e  t h i r d  day. A l l  of t h e s e  s t a t i o n s  were 
l o c a t e d  e i t h e r  i n  t h e  E l i z a b e t h  r i v e r  o r  immediately a d j a c e n t  
t o  Craney I s l a n d ,  and were preducted t o  have high b a c t e r i a l  
l e v e l s  p r i o r  t o  t h e  r a i n  event .  I n  o t h e r  words, t h e  e l e v a t e d  
co l i fo rm l e v e l s  a r e  due t o  cond i t i ons  i n  t h e  E l i zabe th  River 
and n o t  due t o  runof f  o r  d i s cha rges  t o  t h e  James. The a r e a s  
p r e d i c t e d  t o  have poor q u a l i t y  wate r  a r e  condemned f o r  s h e l l -  
f i s h  h a r v e s t i n g  now. Fhe 1976 survey of t h e  E l i zabe th  R i v e r  
showed f e c a l  co l i fo rm l e v e l s  much h ighe r  than  those  which 
can be a t t r i b u t e d  t o  p o i n t  sources  and stormwater runof f .  
This ,  p l u s  t h e  f a c t  t h a t  wate r  q u a l i t y  i n  Hampton Roads and 
t h e  E l i zabe th  a r e  i n t e r - r e l a t e d ,  makes it d i f f i c u l t  t o  
s p e c i f y  boundary cond i t i ons  f o r  t h e  f u t u r e .  Therefore ,  
e x i s t i n g  cond i t i ons  were used,  a l though f u t u r e  cond i t i ons  may 
be b e t t e r .  
Chlorophyl l  "a" p r o j e c t i o n s  were around 1 0  pg / l ,  l e v e l s  
t h a t  should n o t  r e s u l t  i n  environmental  s t r e s s e s .  N u t r i e n t  
l e v e l s  were p r o j e c t e d  t o  be reasonably  high.  Although no 
r e a d i l y  observable  impacts were noted,  n u t r i e n t  enrichment 
should be followed c l o s e l y .  Stormwater runoff  i nc reased  BOD 
l e v e l s ,  s o  t h a t  d i s so lved  oxygen concen t r a t i ons  dropped below 
5 mg/l f o r  a  smal l  number of s t a t i o n s .  However, t h e  
minimum DO p r e d i c t e d  w a s  4.87 mg/l, which does no t  r e p r e s e n t  
s eve re  p o l l u t i o n  o r  a  c r i t i c a l  problem. 
I n  summary, wate r  q u a l i t y  i n  t h e  James was p r e d i c t e d  
t o  be good i n  f u t u r e  yea r s .  Following heavy r a i n s  o r  s to rms ,  
f e c a l  co l i fo rm concen t r a t i ons  w i l l  i n c r e a s e  and be above 
s h e l l f i s h  growing s t anda rds  f o r  a  s i z e a b l e  p o r t i o n  of t h e  
lower James. However, d i l u t i o n  and die-off  w i l l  r a p i d l y  
reduce l e v e l s  i n  a  few days. B a c t e r i a l  q u a l i t y  i s  l i k e l y  t o  
cont inue  t o  be poor nea r  t h e  mouth of t h e  E l i zabe th  River  
u n t i l  cond i t i ons  i n  t h e  e s t u a r y  improve. Runoff from a  major 
s torm ( r a i n f a l l  g r e a t e r  than 10 cm) produced a  minimal 
degrada t ion  i n  wate r  q u a l i t y ,  w i th  t h e  minimum p r e d i c t e d  DO 
concen t r a t i on  of 4 . 8 7  mg/l f o r  1995 condi t ions .  
Because of t h e  g r e a t  p o t e n t i a l  f o r  d i s p e r s i n g  and 
d i l u t i n g  was tes ,  t h e  James i s  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  
types  and s i z e s  of waste  loads  inc luded  i n  t h i s  s tudy.  (This  
s ta tement  does n o t  app ly  t o  p o l l u t a n t s  such a s  heavy m e t a l s  
and p e s t i c i d e s  which f r e q u e n t l y  a r e  a s s o c i a t e d  wi th  sediment 
p a r t i c l e s  and t h e r e f o r e  have longer  r e s idence  t i m e s  i n  
e s t u a r i e s . )  I t  appears  t h a t  t h e  James w i l l  be a b l e  t o  handle  
t h e  i nc reased  n u t r i e n t  and BOD l oads  due t o  g r e a t e r  f lows 
and t h e  proposed Nansemond p l a n t .  No nonpoint  c o n t r o l s  a r e  
r equ i r ed  a t  p r e s e n t ,  a l though implementation of good management 
p r a c t i c e s  would reduce loads  and improve wate r  q u a l i t y  i n  t h e  
r i v e r .  This  a l s o  could reduce o r  e l i m i n a t e  l o c a l i z e d  e f f e c t s ,  
such a s  t h a t  near  t h e  Lake Maury o u t f a l l .  
Although a l l  s t r a t e g i e s  appear  s u i t a b l e ,  numbers I1 
and I11 a r e  recommended. S ince  only  minor problems e x i s t  
wi th  regard  t o  d i s so lved  oxygen, f e c a l  contamination and 
n u t r i e n t  enrichment,  f u t u r e  s t u d i e s  and waste  c o n t r o l  e f f o r t s  
should be  focused on t o x i c  substances .  
York River  
Model p r o j e c t i o n s  showed t h a t  wate r  q u a l i t y  cond i t i ons  
w i l l  no t  change much i n  t h e  f u t u r e .  Because of t h e  l a r g e  
t i d a l  prism, d i l u t i o n  i s  g r e a t ,  s o  t h a t  BOD, n u t r i e n t ,  f e c a l  
co l i fo rm and phytoplankton ( c h l o r o p h y l l  " a" ) concen t r a t i ons  
were low. Dissolved oxygen l e v e l s  i n  t h e  upper l a y e r  normally 
were above 5  mg/l b u t  D O ' S  i n  t h e  bottom l a y e r  were v i r t u a l l y  
always below t h e  4 mg/l s tandard .  The nonpoint  load ings  had 
very l i t t l e  impact on wate r  q u a l i t y ,  probably because t h e  
volume of d i l u t i o n  wate r  i s  s o  l a rge . ,  
For t h e  York River ,  c o n t r o l  of p o i n t  and nonpoint  
sources  does n o t  r e s u l t  i n  t h e  d e s i r e d  wate r  q u a l i t y  c o n d i t i o n s .  
P o i n t  sources  p r e s e n t l y  a r e  few, e s p e c i a l l y  g iven  t h e  l a r g e  
volume of t h e  r e c e i v i n g  wate rs  and t h e  s t r o n g  t i d a l  f l u s h i n g .  
Nonpoint loads  a r e  n o t  g r e a t ,  a t  l e a s t  r e l a t i v e  t o  some of 
t h e  sma l l  e s t u a r i e s ,  probably because f e d e r a l  f a c i l i t i e s  
have maintained much of t h e  dra inage  a r e a  i n  f o r e s t  and o t h e r  
land uses  which produced l i m i t e d  runoff  of reasonable  q u a l i t y .  
Nonetheless ,  p r e s e n t  (1978) cond i t i ons  a r e  n o t  a t  d e s i r e d  
l e v e l s .  Non- t r ad i t i ona l  approaches may be  r equ i r ed ,  such as 
i n s t a l l a t i o n  of in-s t ream a e r a t o r s .  Add i t i ona l ly ,  t h e r e  i s  
a  shallow s i l l  (dep th  around 1 0  metres)  where t h e  r i v e r  j o i n s  
t h e  Bay which i s  b e l i e v e d  t o  i n h i b i t  c i r c u l a t i o n  i n  t h e  
lower reaches  of t h e  r i v e r .  Modi f ica t ion  of t h e  r i v e r  geometry, 
i n  p a r t i c u l a r  dredging a  channel  through t h e  s i l l ,  might 
improve c i r c u l a t i o n  p a t t e r n s  and wate r  q u a l i t y .  De ta i l ed  
examination of t h e  bathymetry of t h e  r i v e r  and bay would be  
r equ i r ed  p l u s  a p p r o p r i a t e  engineer ing  s t u d i e s  t o  demonstrate 
t h a t  t h i s  approach would work. 
I t  i s  d i f f i c u l t  t o  fo rmula te  a  management p l a n t  f o r  t h e  
York River t h a t  w i l l  account f o r  both  t h e  needs of i n d u s t r y  
and m u n i c i p a l i t i e s  a s  w e l l  a s  sa feguard ing  wate r  q u a l i t y ,  
because documented wate r  q u a l i t y  problems appear t o  be 
n a t u r a l l y  occur r ing .  Add i t i ona l ly  t h e  r e s e a r c h  f a c i l i t i e s  of  
t h e  V i r g i n i a  I n s t i t u t e  of Marine Sc ience  r e q u i r e  e s p e c i a l l y  
pure  water  f o r  experiments i n  t h e  f i e l d  and i n  t h e  l ab .  
Consequently, many persons  b e l i e v e  t h a t  no new d ischarges  
should be permi t ted  u n t i l  ou r  unders tanding of t h i s  system is  
more advanced. However, t h e  proposed York ~ i v e r  p l a n t  has  
been given a t  l e a s t  t e n t a t i v e  approval  by t h e  S t a t e  Water 
Cont ro l  Board and EPA, and it was inc luded  i n  model s t u d i e s  
f o r  t h e  yea r s  1983 and 1995. Of t h e  f i v e  management p l a n s ,  
proposed, A l t e r n a t i v e  I11 i s  recommended f o r  t h e  York  asi in. 
Implementation of management p r a c t i c e s  f o r  nonpoint  c o n t r o l  
should improve cond i t i ons  i n  t h e  smal l  t r i b u t a r i e s  and would 
a l s o  have some p o s i t i v e  impact on t h e  York too.  S t u d i e s  o f  
t h e  d i s so lved  oxygen i n  t h e  Lower York should be conducted t o  
determine t h e  mechanisms which cause t h e s e  anaerobic  cond i t i ons  
t o  occur.  A f t e r  t h a t  remedial  measures, such a s  dredging o r  
a e r a t i o n ,  could be  recommended wi th  more c e r t a i n t y  of success .  
Poquoson River  
Few v i o l a t i o n s  of wate r  q u a l i t y  s t anda rds  a r e  p r e d i c t e d  
f o r  t h e  Poquoson River.  Dissolved oxygen l e v e l s  remain above 
5 mg/l even fo l lowing  t h e  des ign  storm. Feca l  co l i fo rm 
counts  do i n c r e a s e  above t h e  s h e l l f i s h  s t anda rd .  However, 
concen t r a t i ons  dec rease  t o  l e s s  than 1 4  MPN/100 m l  w i th in  a 
few days. Therefore ,  t h i s  impact i s  n o t  considered t o  be 
e s p e c i a l l y  s e r i o u s .  
Phosphorus l e v e l s  a r e  high and n i t rogen  appears  t o  be  
l i m i t i n g  a l g a l  growth a long wi th  p h y s i c a l  f a c t o r s .  Chlorophyl l  
11 l e v e l s  ranged up t o  about  2 0  pg / l .  Although t h e s e  r ead ings  
a r e  n o t  i n d i c a t i v e  of  bloom cond i t i ons ,  t h e r e  a r e  d i u r n a l  
v a r i a t i o n s  i n  D O ' S  of about 1 mg/l. N u t r i e n t  enrichment of  
t h e  e s t u a r y  should n o t  be permi t ted  t o  i n c r e a s e  wi thout  
l i m i t .  There are i n d i c a t i o n s  t h a t  modest c o n t r o l s  on t h e s e  
loads  would be b e n e f i c i a l  t o  t h e  s t a b i l i t y  and h e a l t h  of  t h e  
system. 
S ince  no s e r i o u s  problems e x i s t ,  A l t e r n a t i v e  11, which 
emphasizes non- s t ruc tu ra l  c o n t r o l s  f o r  nonpoint  sources  seems 
most app rop r i a t e .  A s  mentioned i n  t h e  prev ious  paragraph,  
n u t r i e n t  l e v e l s  i n  t h e  r i v e r  should be followed t o  determine 
what, i f  any,  c o n t r o l s  a r e  needed. 
Back River 
P r o j e c t e d  wate r  q u a l i t y  f o r  t h e  Back River is  s i m i l a r  
t o  t h a t  f o r  t h e  Poquoson. D O ' S  a r e  h igh  and above 5 mg/l 
even fol lowing r a i n  events .  Feca l  co l i fo rm counts  r i s e  above 
t h e  s h e l l f i s h  s t anda rd  dur ing  and a f t e r  pe r iods  of r a i n f a l l ,  
b u t  r e t u r n  t o  low l e v e l s  i n  a  couple  of days.  N u t r i e n t  
enrichment appears  t o  be g r e a t e r  t han  i n  t h e  Poquoson, and 
t h i s  r e s u l t s  i n  h igher  l e v e l s  of phytoplankton.  Following 
t h e  des ign  storm ch lo rophy l l  l e v e l s  reach  36 ug / l  i n  one 
segment. The d i u r n a l  DO v a r i a t i o n  f o r  t h i s  segment i s  n e a r l y  
3 mg/l. V a r i a t i o n s  g r e a t e r  than  1 mg/l a r e  observed i n  
s e v e r a l  o t h e r  segments. 
Although no s t anda rds  f o r  n u t r i e n t s  o r  ch lo rophy l l  
l e v e l s  e x i s t ,  t h e  l a r g e  d a i l y  DO o s c i l l a t i o n s  and t h e  r a t h e r  
h igh  plankton l e v e l s  sugges t  t h a t  n u t r i e n t  l e v e l s  and o t h e r  
f a c t o r s  a r e  a t  t h e  upper l i m i t s  t h a t  a r e  d e s i r a b l e .  F u r t h e r  
i n c r e a s e s  i n  a l g a l  l e v e l s  could r e s u l t  i n  u n s t a b l e  oxygen 
cond i t i ons  and have o t h e r  nega t ive  impacts.  Therefore ,  
n u t r i e n t  l oad ings  and concen t r a t i ons  war ran t  cont inued a t t e n t i o n .  
The f i v e  a l t e r n a t i v e s  f o r  Back River a r e  q u i t e  s i m i l a r .  
I t  i s  recommended t h a t  Bes t  Management P r a c t i c e s  be implemented 
i n  t h i s  b a s i n  s i n c e  n u t r i e n t  l oads  appear t o  be reaching 
c r i t i c a l  l e v e l s .  Monitoring a c t i v i t i e s  should focus  on 
n u t r i e n t  enrichment and a l g a l  l e v e l s  t o  determine i f  problems 
e x i s t  o r  if t h e r e  i s  a  t r e n d  toward inc reased  l e v e l s  of 
n u t r i e n t s .  S p e c i a l  nonpoint  sou rces  which could be  c o n t r i b u t i n g  
unusual and/or t o x i c  subs tances  should be s t u d i e d  too.  
L i t t l e  Creek Harbor 
P r o j e c t e d  wate r  q u a l i t y  i n  L i t t l e  Creek Harbor i s  
reasonably good. S ince  much of t h e  n a t u r a l  d ra inage  system 
f o r  L i t t l e  Creek has  been dammed f o r  many y e a r s  t o  c r e a t e  
water  supply r e s e r v o i r s  f o r  t h e  C i t y  of  Norfolk ,  very l i t t l e  
stormwater runof f  e n t e r s  t h e  harbor .  Therefore ,  t h e  impact  
of runoff  i s  n o t  g r e a t ,  except  f o r  b a c t e r i a l  q u a l i t y .  F e c a l  
co l i fo rm coun t s  remain above t h e  s h e l l f i s h  s t anda rd  f o r  
s e v e r a l  weeks fo l lowing  a  r a i n  event .  Except f o r  L i t t l e  
Creek, t h e  harbor  i s  n o t  s u i t a b l e  f o r  n a t u r a l  s h e l l f i s h  
c u l t u r e  because o f  t h e  wate r  depth .  Also,  it i s  u n l i k e l y  
t h a t  h e a l t h  o f f i c i a l s  w i l l  open t h e  a r e a  as long a s  nava l  
v e s s e l s  dock t h e r e .  I n  a d d i t i o n ,  it i s  n o t  c l e a r  t h a t  non- 
p o i n t  c o n t r o l s  would be a b l e  t o  reduce b a c t e r i a l  loads  
apprec iab ly .  For a l l  t h e s e  r ea sons ,  it i s  f e l t  t h a t  s t r i n g e n t  
c o n t r o l s  a r e  n o t  u r g e n t l y  needed t o  p r o t e c t  t h e  r e c e i v i n g  
waters. Nonpoint source controls to protect the water supply 
reservoirs might be necessary at some time in the future. 
Water quality in the reservoirs was not modeled in the 208 
study . 
Dissolved oxygen levels in three model segments dropped 
slightly below 5  mg/l following the 1 9 9 5  design storm. Two 
of the segments recovered within a day, but the third segment 
required nearly 10 days to return to 5 mg/l. The minimum 
average DO value was only 4.75 mg/l even for this "worst case". 
Chlorophyll "a" values for Little Creek, the only branch of 
the Harbor that is not impounded, ranged up to 50 pg/l, which 
is probably excessive since the creek is shallow and tidal 
exchange is limited. Because the model gives tidal averages 
only, it is not possible to determine the daily fluctuation 
in DO'S. Since most nonpoint loads enter the harbor via 
this branch, some controls, such as implementing best 
management practices, could be useful in this portion of 
the basin. 
Alternatives I and I11 are quite similar and are 
recommended for the Little Creek system. Non-structural 
runoff controls should be sufficient to improve water quality 
in both the estuary and the water supply reservoirs. Since 
projected problems are minor, the more expensive structural 
control measures are not recommended. 
Lynnhaven Bay System 
Modelling studies show that there will be some problems 
in the Lynnhaven system in the future. First, the model 
results indicate that during warm, dry weather (water temper- 
0 
ature = 28 ) some of the more upriver segments will have DO'S 
less than 5 mg/l, This occurs in the Linkhorn Bay and the 
Eastern Branch of Lynnhaven Bay. It is interesting to note 
that this situation will develop in the Western Branch of 
Lynnhaven Bay if the Birchwood Gardens STP is eliminated. 
This somewhat anomalous result indicates both the limitations 
of the model and the role of phytoplankton in determining 
d i s so lved  oxygea l e v e l s .  F i r s t ,  t h e  model p r e d i c t s  only  
cond i t i ons  a t  h igh  wate r  s l a c k ,  s o  t h a t  w e  cannot determine 
DO l e v e l s  f o r  i n t e rmed ia t e  t imes ,  and secondly t h e  model i s  
run us ing  normal s u n l i g h t  except  dur ing  t h e  r a i n  events .  S ince  
s u n l i g h t  i s  s t r o n g  dur ing  t h e  summer, t h e r e  normally i s  a  n e t  
p roduc t ion  of oxygen from pho tosyn thes i s ,  hence,  h igher  DO 
va lues .  The STP e f f l u e n t  s u p p l i e s  t h e  n u t r i e n t s  necessary 
f o r  p lankton growth. Therefore ,  when i t  i s  removed, n u t r i e n t  
l e v e l s  d e c l i n e  and a l g a l  popula t ions  decrease  a s  we l l .  A s  a  
r e s u l t  of t h e  lower a l g a l  d e n s i t y ,  DO l e v e l s  drop too.  Th i s  
" scena r io"  might l e a d  one t o  conclude t h a t  h igh  l e v e l s  of 
p lankton were d e s i r a b l e .  However, t h e  nega t ive  s i d e  i s  t h a t  
t h e  d e c l i n e  i n  DO concen t r a t i ons  between dusk ( a t  t h e  end of 
t h e  growth pe r iod )  and dawn ( a t  t h e  end of t h e  non-growth 
pe r iod )  can be  g r e a t .  DO concen t r a t i ons  can be depressed t o  
ze ro  o r  nea r  ze ro  i f  t h e r e  i s  an a l g a l  bloom o r  i f  a  prolonged 
cloudy pe r iod  e x i s t s .  The low oxygen concen t r a t i ons  can b e  
ve ry  impor tan t  s i n c e  some animals may d i e  i f  t h e  DO drops 
below a  c e r t a i n  l e v e l ,  even i f  on ly  b r i e f l y .  When D O ' S  a r e  
extremely low (less than  2 mg/l) hydrogen s u l f i d e  and o t h e r  
gases  can be produced by anaerobic  decay. The combination 
of low D O ' S  and t h e  presence of hydrogen s u l f i d e  can be 
l e t h a l  t o  s h e l l f i s h  and o t h e r  animals.  For t h e s e  reasons  and 
o t h e r s ,  wate r  q u a l i t y  s t anda rds  s e t  a  minimum DO of 4 mg/l. 
Following r a i n  even t s  DO l e v e l s  d e c l i n e  and f e c a l  
co l i fo rm l e v e l s  i n c r e a s e .  Within two o r  t h r e e  days most of  
t h e  system has  b a c t e r i a l  l e v e l s  less than  t h e  s h e l l f i s h  
s tandard .  Col i form l e v e l s ,  however, remain high f o r  p e r i o d s  
of a  week o r  1 0  days i n  t h e  L i t t l e  Neck Creek p o r t i o n  of 
Linkhorn Bay and t h e  Western Branch of Lynnhaven Bay. The 
impact worsens w i t h  t i m e  s i n c e  t h e  q u a l i t y  of t h e  runoff  i s  
p r o j e c t e d  t o  d e t e r i o r a t e  over  t h e  yea r s .  Because land  t h a t  
i s  p r e s e n t l y  "open" w i l l  become r e s i d e n t i a l  i n  t h e  f u t u r e ,  
t h e  runoff  w i l l  c o n t a i n  more n u t r i e n t s ,  BOD and f e c a l  co l i fo rms ,  
S p e c i a l  water  q u a l i t y  s t anda rd  " j " ,  which has  been a p p l i e d  t o  
t h e  Lynnhaven Bay system, r e q u i r e s  t h a t  " t h e  cummulative t o t a l  
of n i t r o g e n  a s  N i n  t h e  e f f l u e n t  s h a l l  n o t  be  g r e a t e r  than 
0 . 5  mg/l a t  any t ime".  Although it i s  n o t  clear t h a t  storm- 
water  runoff  would be cons idered  a s  an " e f f l u e n t " ,  it should 
be  noted t h a t  t h e  t o t a l  concen t r a t i on  of a l l  n i t r o g e n  s p e c i e s  
i n  t h e  runoff  i s  p r o j e c t e d  t o  be  g r e a t e r  than 1 mg/l f o r  
p r e s e n t  cond i t i ons  and t h a t  concen t r a t i ons  w i l l  be  h ighe r  
s t i l l  a t  f u t u r e  t imes.  For t h e s e  reasons  i t  i s  s t r o n g l y  
recommended t h a t  measures be  i n i t i a t e d  t o  c o n t r o l  nonpoint  
load ings  t o  t h e  Lynnhaven Bay system. Model t e s t s  i n c o r p o r a t i n g  
r educ t ion  of waste loads  by sweeping s t r e e t s  on a  seven-day 
pe r iod  i n d i c a t e  t h a t  t h e s e  measures w i l l  ame l io ra t e  t h e  wate r  
q u a l i t y  problems on ly  s l i g h t l y .  I t  i s  l i k e l y  t h a t  s t r e e t  
sweeping, b e s t  management p r a c t i c e s  and c o n s t r u c t i o n  of 
d e t e n t i o n  bas ins  w i l l  reduce b u t  n o t  e l i m i n a t e  t h e  problems. 
Growth c o n t r o l s  and/or d r a i n i n g  t h e  runoff  t o  o t h e r  b a s i n s  
may be requi red .  
A l t e r n a t i v e  I11 i s  t h e  recommended management plan.  
Reducing d i r e c t  and i n d i r e c t  d i s cha rges  of sewage cannot b u t  
improve wate r  q u a l i t y  c o n d i t i o n s .  And nonpoint  loads  r e q u i r e  
a t t e n t i o n  and c o n t r o l  s i n c e  stormwater l oads  a r e  p r o j e c t e d  t o  
i n c r e a s e  s i g n i f i c a n t l y  i n  t h e  n e x t  two decades. I f  bo th  p o i n t  
and nonpoint  sources  a r e  r e g u l a t e d ,  it i s  q u i t e  l i k e l y  t h a t  
Lynnhaven Bay could be r e - e s t a b l i s h e d  a s  a  s h e l l f i s h  growing 
a rea .  
IV. SPECIAL TOPICS 
Several aspects of water quality do not fit into any 
neat categories. However, a comprehensive management plan 
should account for them in some manner. A few of these 
topics are included in this chapter. 
Water Oualitv Standards and Indices 
One fact which has been repeatedly demonstrated in the 
Hampton Roads 208 Study is that our ability to predict concen- 
tration distributions for a variety of water constituents is 
far ahead of our ability to determine and evaluate the 
consequences these conditions imply. Planners, managers and 
engineers need measures and indices of water quality to assist 
in evaluating alternative plans. This is especially so for 
the processes of nutrient enrichment. Math models can predict 
levels of nutrient species and phytoplankton, but no guidelines 
exist for evaluating whether nutrient levels are deficient, 
good or excessive. There is no method for determining the 
more subtle changes in the health and productivity which can 
take place as nutrient levels vary. Since many DO problems 
will be resolved when all wastewaters receive secondary 
treatment, attention is likely to shift to nutrient enrichment. 
Before advanced waste treatment can be recommended for large 
scale application, much work is needed to define the desired 
goals for nutrients. Community structure of the plankton 
populations, limited diurnal variations in dissolved oxygen, 
balance between primary productivity and herbivore grazing 
and other approaches to the problem need to be explored. 
However, until regulatory agencies define the goals, criteria, 
testing procedures or other methods for assessing the problem 
of nutrient enrichment, it will be extremely difficult to 
formulate complete and defensible wastewater management plans. 
Existing water quality standards should be specified 
for a wider variety of environments. In particular, tidal 
marshes are important elements, but may have substandard water 
q u a l i t y  (eg. low DO) due t o  n a t u r a l  p rocesses .  These cond i t i ons  
can be c a r r i e d  over  i n t o  p o r t i o n s  of t h e  r i v e r s .  S i m i l a r l y ,  
a r e a s  w i t h  deep wate rs  and/or s t r o n g  s t r a t i f i c a t i o n  may have 
q u i t e  d i f f e r e n t  q u a l i t i e s  a t  t h e  s u r f a c e  and near  t h e  bottom. 
A t  p r e s e n t  t h e  s t anda rds  provide no guidance a s  t o  t h e  
recommended methods f o r  i nco rpo ra t ing  such elements i n  
management p lans .  A d d i t i o n a l l y ,  it would be  u s e f u l  t o  know 
what, i f  any, v i o l a t i o n s  of t h e  s t anda rds  a r e  accep tab le  f o r  
t r a n s i e n t  phenomena such a s  stormwater runof f .  Exceptions 
t o  t h e  s t anda rds  do e x i s t  f o r  l i m i t e d  a r e a s  (eg .  mixing zones ) .  
S h e l l f i s h  C u l t u r e  
The c u l t u r e  and produc t ion  of s h e l l f i s h  i n  Tidewater,  
V i r g i n i a  has been hampered i n  r e c e n t  t i m e s  due t o  d i s e a s e  
( e s p e c i a l l y  MSX and Dermocystidium), p o l l u t i o n ,  p reda t ion  
and condemnation zones. Model s t u d i e s  show t h a t  when p o i n t  
sou rces  of wastes  a r e  g iven  h igher  l e v e l s  of t rea tment ,  
problems of p o l l u t i o n  w i l l  be abated.  S i m i l a r l y ,  c o n t r o l  of 
nonpoint  sou rces  w i l l  r e s u l t  i n  improved water  q u a l i t y .  Some 
p o r t i o n s  of t h e  s tudy  a r e a  could exper ience  g r e a t  improvements 
i n  t h e  nex t  twenty yea r s .  One would expec t  and hope f o r  
r educ t ions  i n  t h e  a r e a s  c lo sed  f o r  d i r e c t  ha rves t ing .  
A second p o s s i b i l i t y  i s  t h a t  a r e a s  t h a t  a r e  p o l l u t e d  
s e v e r e l y  a t  p r e s e n t  could be improved g e n e r a l l y  b u t  s t i l l  be  
s u b j e c t  t o  s h o r t  pe r iods  of moderate p o l l u t i o n  i n  t h e  f u t u r e .  
For example, i t  i s  l i k e l y  t h a t  p r e s e n t  municipal  and i n d u s t r i a l  
d i s cha rges  t o  t h e  Nansemond River w i l l  be s h i f t e d  t o  HRSD. 
A s  a  r e s u l t ,  t h e  water  q u a l i t y  problems i n  t h e  e s t u a r y  should 
become much l e s s  severe .  T rans i en t  problems w i l l  con t inue  t o  
occur  fol lowing r a i n  events .  S h e l l f i s h  grown i n  a r e a s  t h a t  
a r e  moderately p o l l u t e d  i n t e r m i t t e n t l y  may o r  may no t  be 
s u i t a b l e  f o r  d i r e c t  ha rves t ing .  However, i f  t h e  p o l l u t i o n  i s  
no t  g r e a t  o r  l ong - l a s t i ng  t h e s e  s h e l l f i s h  could be  c leansed  
of accumulated p o l l u t a n t s  i n  a  c o n t r o l l e d  depura t ion  p l a n t .  
P re sen t  r e g u l a t i o n s  permit  n a t u r a l  depura t ion  by r e l ay ing .  
However, s e v e r a l  s t a t e s  i n  New England have opera ted  depura t ion  
plants for soft shell clams for many years. The plant at 
Newburyport, Massachusetts has been in operation since the 
1930's. Studies conducted for the Food and Drug ~dministration 
demonstrated that oysters would purge bacteria within 48 hours. 
Model studies indicate that the Poquoson and Back Rivers 
and Lynnhaven Bay normally will have good quality water, but 
that fecal coliform counts will go above the 14 MPN/100 ml 
standard when there is stormwater runoff. If the proposed 
Nansemond plant is constructed and the present discharges are 
eliminated, the Nansemond River also will be in this category. 
Should municipal and industrial discharges to the Pagan River 
be eliminated, it too would fall into this category. For 
these conditions, generally good water quality with inter- 
mittent periods with moderate pollution, it may be appropriate 
to purify shellfish taken from these waters before they 
enter the market. It is recommended that depuration in a 
controlled environment be considered as a means of achieving 
this end. It is believed that adoption of this technique 
would stimulate the seafood industry and also protect the 
public health. 
Water Conservation and Reuse 
Although the 208 study is a wastewater management study, 
water supply and waste disposal are linked. Since much of 
the study area has been declared a critical groundwater area, 
conservation and/or reuse of waters seems advisable. Many 
options exist. ~reaied wastewaters can be used successfully 
by some industries (eg. Bethlehem Steel utilizes about 30 MGD 
of Baltimore's Back River STP effluent), or they can be 
used to irrigate golf courses, forests or croplands. Grey 
water reuse (primarily laundry and bath/shower waters) in 
the home for toilet flushing, watering lawns or other purposes 
could be economically viable since savings would occur due to 
reduced water consumption and less wastewater requiring treatment. 
No specific recommendations are suggested at this time, 
other than to encourage the view that water supply and waste- 
w a t e r  t r ea tmen t  are i n t e r - r e l a t e d .  Water conserva t ion  should 
b e  encouraged and reasonable  and s a f e  methods of wate r  r e u s e  
should be pe rmi t t ed .  
Ocean and Bay O u t f a l l s  
The 208  wate r  q u a l i t y  s t u d i e s  have d e a l t  p r i m a r i l y  w i t h  
t h e  e s t u a r i e s .  However, a  b r i e f  examination of p r e d i c t e d  
f lows i n d i c a t e s  t h a t  l a r g e  volumes of t r e a t e d  wastewaters w i l l  
be d i scharged  t o  t h e  Lower Chesapeake Bay and t h e  A t l a n t i c  Ocean. 
S ince  n e i t h e r  t h e  Bay nor t h e  near-shore  p o r t i o n  of t h e  ocean 
a r e  very deep,  bo th  w i l l  have l i m i t e d  a b i l i t y  t o  a s s i m i l a t e  
waste  s t reams w i t h o u t  s t r o n g  l o c a l i z e d  impacts.  Although 
reducing d i scha rges  t o  t h e  e s t u a r i e s  i s  a d e s i r a b l e  g o a l ,  
t h i s  should n o t  be  achieved by t r a n s f e r r i n g  t h e  problem t o  a  
new a rea .  These comments a r e  n o t  in tended  t o  imply t h a t  Bay 
and Ocean o u t f a l l s  should n o t  be  permi t ted .  Rather t h e  
au thor  d e s i r e s  t o  p o i n t  o u t  t h a t  t h e s e  two d i s p o s a l  s i t e s  
have l i m i t e d  c a p a c i t i e s  too .  Although they can r e l i e v e  t h e  
p r e s s u r e s  on t h e  e s t u a r i e s  t hey  cannot  be  abused wi thout  
caus ing  new problems. 
Sludge Disposa l  
The i n c r e a s e d  l e v e l s  of t r ea tmen t  p r o j e c t e d  f o r  t h e  
near  f u t u r e  a r e  expected t o  produce l a r g e  volumes of s ludge .  
Before a d d i t i o n a l  t r ea tmen t  should even be suggested,  it 
should be  demonstrated t h a t  t h e  l a r g e  volumes of s ludge can 
be handled cheaply and e f f e c t i v e l y .  The nonpoint  source  
s t u d i e s  demonstrated t h a t  land runof f  can impact t h e  q u a l i t y  
of t h e  r e c e i v i n g  waters. Therefore ,  improper d i s p o s a l  of 
s ludge on l and  would c r e a t e  wate r  q u a l i t y  problems. Add i t i ona l ly  
some nonpoint  source  c o n t r o l  mechanisms would gene ra t e  s o l i d s  
which a l s o  would r e q u i r e  d i s p o s a l .  
I n  summary, t h e  b e n e f i t s  t o  be achieved by i n c r e a s i n g  
t rea tment  l e v e l s  must be  compared n o t  on ly  wi th  t h e  c o s t s  of 
t h e  new t r ea tmen t ,  b u t  a l s o  wi th  t h e  p o t e n t i a l  t o  c r e a t e  new 
a i r  o r  wate r  q u a l i t y  problems i n  a  d i f f e r e n t  a r e a .  Disposa l  
of s ludge  must be given cons ide rab le  a t t e n t i o n  and thought.  
V. SUMMARY AND RECOMMENDATIONS 
Projections for the Hampton Roads 2 0 8  area are for 
generally improving water quality. First, the number of 
point sources is projected to decrease significantly. By 
1983 it is anticipated that there will be no point source 
discharges to the Poquoson, Back and Nansemond Rivers, to 
Little Creek Harbor and to the Lynnhaven Bay system. The 
level of treatment given to both industrial and municipal 
wastes is expected to increase, resulting in significantly 
reduced loads of oxygen demanding materials, and certain 
other constituents in industrial effluents. Nutrient loadings, 
however, are expected to increase since total flows are 
projected to increase and the additional treatment does not 
remove significant portions of nitrogen or phosphorus. 
Nonpoint loads are large in several basins, particularly 
the Pagan and Nansemond Rivers and portions of the Elizabeth 
River system. A brief review of BOD loads produced by the 
design storm and for 1995 land use conditions indicates that 
loads and assimilation capacities are not well matched. In 
fact, the smaller estuaries receive much larger loads per 
unit volume of the receiving waters. As a result, water 
quality in some estuaries is degraded following storm events. 
BOD LOAD (IN POUNDS) FOR THE 
MAJOR DESIGN STORM - 1995 CONDITIONS 
River 
-- 
York 
Poquoson 
Back 
Pagan 
Nansemond 
Elizabeth 
James 
Little Creek 
Lynnhaven 
I t  should be noted t h a t  f o r  most b a s i n s ,  t h e r e  were on ly  s l i g h t  
changes i n  t h e  nonpoint  loads  from 1977 cond i t i ons  t o  t hose  
p r o j e c t e d  f o r  1995. The major except ion  was the  Lynnhaven 
b a s i n ,  where p r e s e n t  open a r e a s  a r e  p r o j e c t e d  t o  be  developed 
r e s u l t i n g  i n  s i g n i f i c a n t l y  i nc reased  runoff  loads  by 1995. 
I t  appears  t h a t  t h e  s e v e r a l  wate r  supply r e s e r v o i r s  reduce 
t h e  runoff  loads  t o  t h e  Back, Poquoson and Nansemond Rivers  
and t o  L i t t l e  Creek Harbor. Reservoi r  overflows were n o t  
monitored dur ing  f i e l d  s t u d i e s ,  b u t  t h i s  should be done i n  
any f u t u r e  s t u d i e s .  The r educ t ions  i n  runoff  loads  due t o  
s e t t l i n g  and entrapment i n  r e s e r v o i r s  war ran ts  f u r t h e r  s tudy ,  
n o t  on ly  t o  improve p r e d i c t i o n s  of wate r  q u a l i t y  i n  t h e  
e s t u a r i e s  b u t  a l s o  because cont inued accumulation of runoff  
loads  i n  t h e  r e s e r v o i r s  w i l l  e v e n t u a l l y  r e s u l t  i n  lower q u a l i t y  
d r ink ing  water .  
N u t r i e n t  enrichment i s  caus ing  problems i n  t h e  head- 
wate rs  of s e v e r a l  of  t h e  sma l l e r  e s t u a r i e s ,  no tab ly  t h e  upper 
Pagan River ,  t h e  Nansemond i n  t h e  v i c i n i t y  of Su f fo lk  and t h e  
Southern Branch of t h e  E l i z a b e t h  near  Grea t  Bridge. Condi t ions  
i n  t h e  Lynnhaven system appear c l o s e  t o  c r i t i c a l ,  a s  s imula ted  
i n  t h e  model runs .  The wate r  temperature  a t  t h e  t i m e  of t h e  
f i e l d  survey of  Lynnhaven Bay was on ly  about 20°c, ve r sus  t h e  
28O used i n  model runs ,  s o  t h a t  t h e  f i e l d  d a t a  do n o t  provide 
a s  much in format ion  a s  des i r ed .  Large d i u r n a l  DO v a r i a t i o n s  
i n  Back River i n d i c a t e  t h a t  it t o o  i s  approaching c r i t i c a l  
condi t ions .  However, l i m i t e d  d a t a ,  an imper fec t  unders tanding 
of t h e  b a s i c  p roces ses ,  and t h e  l ack  of g u i d e l i n e s  and c r i t e r i a  
make it d i f f i c u l t  t o  a s s e s s  t h e  s i t u a t i o n  and any q u a n t i t a t i v e  
and d e f i n i t i v e  fash ion .  The l a r g e s t  n u t r i e n t  i n p u t  t o  t h e  
James i s  t h a t  which i s  c a r r i e d  downriver from t h e  t i d a l  f r e s h -  
water  p o r t i o n  of t he  e s tua ry .  The l a r g e  t i d a l  prism and t i d a l  
f l u s h i n g  d i l u t e  t h i s  wate r  a s  w e l l  a s  p o i n t  and nonpoint  l oads  
discharged t o  t h e  Hampton Roads p o r t i o n  of t h e  r i v e r .  
Feca l  co l i fo rm counts  were h igh  i n  a l l  t h r e e  t r i b u t a r i e s  
of t h e  James. The e l e v a t e d  l e v e l s  i n  t h e  E l i z a b e t h  could n o t  
be accounted f o r  by p o i n t  d i s cha rges  and stormwater runof f .  
Feca l  co l i fo rm l e v e l s  were p r o j e c t e d  t o  i n c r e a s e  w e l l  above 
t h e  1 4  MPN/100 m l  s t anda rd  f o r  s h e l l f i s h  wa te r s  i n  a l l  of 
t h e  sma l l  e s t u a r i e s  f o r  pe r iods  of two t o  f i v e  days fo l lowing  
t h e  des ign  storm. I t  seems h igh ly  u n l i k e l y  t h a t  t h e r e  i s  any 
p r a c t i c a l  means t o  e l i m i n a t e  t h e s e  t r a n s i e n t  p o l l u t i o n  
problems. However, use of depura t ion  p l a n t s  could modify t h e  
impact of t h i s  t ype  of  p o l l u t i o n .  
Problems of  low DO i n  t h e  lower York River a r e  d i f f i c u l t  
t o  address  s i n c e  t h e  cause  of t h e s e  c o n d i t i o n s  i s  no t  c l e a r l y  
understood.  Although t h e  l a r g e  t i d a l  volumes a r e  a b l e  t o  
d i l u t e  and d i s p e r s e  r a t h e r  l a r g e  p o i n t  and nonpoint l oads ,  
t h e  system does exper ience  environmental  s t r e s s  dur ing  most 
summers, s o  f u r t h e r  s tudy i s  needed t o  e l u c i d a t e  t h e  mechanisms 
which a r e  a t  work. S i m i l a r l y ,  marshes,  bottom sediments r i c h  
i n  n u t r i e n t s  and biodegradable  o rgan ic  m a t t e r ,  and water 
supply r e s e r v o i r s  confound t h e  a n a l y s i s  of water  q u a l i t y  
problems i n  t h e  Pagan and Nansemond R ive r s  and t h e  t r i b u t a r i e s  
of t h e  E l i zabe th .  Add i t i ona l  s t u d i e s  of t h e s e  systems a r e  
des i r ab l e  t o  de te rmine  i f  and when they  a r e  " s inks"  Or 
of n u t r i e n t s ,  oxygen and b a c t e r i a .  
Recommendations f o r  t h e  Regional Management P lan  
I n  o r d e r  t o  meet wate r  q u a l i t y  s t anda rds  and t o  p rov ide  
an environment capab le  of  suppor t ing  a d i v e r s e  and r o b u s t  
community of a q u a t i c  organisms, it i s  recommended t h a t :  
1) THERE BE NO DISCHARGES TO THE SMALL ESTUARIES. 
Model s t u d i e s  i n d i c a t e  improvements t o  water  q u a l i t y  
i n  t h e  Pagan R ive r ,  t h e  Nansemond River  and Lynnhaven Bay 
when p r e s e n t  d i s c h a r g e s  a r e  removed. Condi t ions  p r o j e c t e d  
f o r  L i t t l e  Creek Harbor,  Poquoson River  and Back River a r e  
g e n e r a l l y  good, a t  l e a s t  dur ing  dry  pe r iods .  The proximi ty  
of i n t e r c e p t o r  sewers makes t h i s  recommendation t e c h n i c a l l y  
and economically f e a s i b l e  f o r  most of t h e s e  b a s i n s ,  e i t h e r  
now o r  i n  t h e  n e a r  f u t u r e .  I f  any p o i n t  sources  a r e  t o  b e  
pe rmi t t ed  i n  t h e s e  smal l  b a s i n s ,  waste  l oads  should be k e p t  
smal l  and d i s c h a r g e  p o i n t s  l o c a t e d  a s  f a r  downriver a s  p o s s i b l e .  
2) INDUSTRIES DISCHARGING TO MAJOR WATERWAYS SHOULD BE 
PEBMITTED TO KEEP TREATMENT AT "BPT" LEVELS. 
Model projections for the James and York Rivers and 
for the main stem of the Elizabeth River (to Town Point) show 
that these water bodies are able to assimilate rather large 
BOD, nutrient and coliform loads with only modest degradation 
in water quality. Unless it can be shown that significant 
improvements will result from the higher levels of treatment 
or that problems are caused by the point sources, it is likely 
that monies would be better spent if allocated to the cohtrol 
of hazardous substances (eg. toxics, heavy metals, phenols) 
or to remedial actions in the waterways (eg. placement of 
in-stream aerators) . 
3) MEASURES SHOULD BE INITIATED TO CONTROL NONPOINT SOURCES 
OF POLLUTION WHERE RUNOFF RESULTS IN WATER QUALITY PROBLEMS. 
Model predictions indicate that water quality is 
severely degraded following the design storm in the Pagan and 
Nansemond Rivers. Predicted DO concentrations are below 
4 mg/l in significant portions of both rivers and below 3 mg/l 
in some areas. It is believed that these projections are 
sufficiently strong to warrant immediate action, if only to 
begin modifying management practices for the various land 
uses. Actual runoff loads should be documented (especially 
after passage through reservoirs), the extent and severity of 
the receiving water impacts should be determined and the 
efficacy of control measures should be monitored. 
4) NONPOINT SOURCE CONTROL MECHANISMS SHOULD BE AIMED AT 
DEVELOPING BEST MANAGEMENT PRACTICES FOR ALL LAND USES RATHER 
THAN REGULATING TYPES OF LAND USE. 
Given the diffuse nature of nonpoint sources, it is 
unlikely that any site, except for very large (hundreds of 
hectares) and poorly managed sites, would produce runoff of 
sufficient by large quantity and poor quality to seriously 
degrade the receiving waters, even though combined loads could 
do so. The data base and the regulatory mechanisms for inter- 
mittent loads such that legal actions normally would not be 
possible. Measures aimed at all landowners are (and should 
be perceived as being) equitable and have the potential to 
improve water quality in all receiving waters of the area, 
including small brooks and drainage channels. 
5) REGULATORY AGENCIES SHOULD BE REQUESTED TO PROVIDE 
GUIDELINES OR CRITERIA FOR REGULATING NUTRIENT LOADS TO 
ESTUARIES. 
Several estuaries in the study area have algal blooms 
as a persistent feature, while several others appear to be 
approaching these conditions. At present there are no limits, 
standards or criteria for phytoplankton, chlorophyll "a", 
nutrients, or daily dissolved oxygen variations. Consequently, 
the receiving water models cannot be used to define nutrient 
loadings based on water quality standards. 
6) THERE SHOULD BE CONTINUED STUDY OF THE YORK, PAGAN AND 
NANSEMOND RIVERS. 
The York River suffers from recurring problems of low 
dissolved oxygen (with concentrations approaching zero in 
some instances). Studies should be conducted to determine 
why these conditions develop and how they can be ameliorated. 
The Pagan River warrants further study since both 
point and nonpoint loads are large relative to the assimilation 
capacity of the river. The role of tidal marshes and 
nutrient-rich bottom sediments in determining the quality 
of the water also should be studied. 
 he Nansemond River should be studied to determine 
how stormwater runoff is altered by passage through settling 
basins, in this case, water supply reservoirs. The response 
of the river to the removal of point source loadings should 
be followed to improve predictive capabilities. 
7) IMPLEMENTATION AND PLANNING ACTIVITIES SHOULD BE COORDINATED 
WITH COASTAL ZONE MANAGEMENT ACTIVITIES, SINCE THE RESOURCES 
OF THAT PROGRAM COULD FACILITATE THE ADOPTION AND IMPLEMENTATION 
OF THE 2 0 8  RECOMMENDATIONS. 
It is considered likely that Virginia will adopt a 
Coastal Resources Management Plan in the near future, and that 
one of the key elements in this plan will be land use manage- 
ment for the purpose of controlling/improving water quality 
in the Commonwealth's estuaries and coastal waters. Coordina- 
tion between the Hampton Roads 2 0 8  program and the Coastal 
Zone Management program should be continued. The resources 
available through the CZM program plus any legislative mandate 
given to that program could be used to facilitate the adoption 
and implementation of the 2 0 8  recommendations in the Hampton 
Roads area. All indications are that the two programs have 
similar and compatible goals, so that coordination will be 
mutually beneficial. Additionally, the CZM program would 
provide a mechanism for dealing with adjacent areas (eg. 
upriver areas on the James and York Rivers) on common water 
quality problems when the need arises. 
~ecommendations for Future Studies 
In the course of analyzing the field and model results, 
several areas were noted where the data were either non- 
existent or limited. Many of these topics can have significant 
bearing on the findings of the studies. Therefore, some of 
these deficiencies in the present data base are noted so that 
future studies can incorporate these measurements or aspects 
into their study design. 
1) Freshwater flow to small estuaries should be measured. 
No gaging stations are maintained in any of the small 
basins. However, both the quantity and quality of the water 
entering these systems are important factors. The freshwater 
flows directly affect the residence time of pollutants in the 
system. The contribution of nutrients, BOD and other 
constituents in base flow is important for calibrating models 
and for assessing the cost-effectiveness of various control 
strategies. 
2) The role of bottom sediments should be included. 
Measurements of the benthal oxygen demand showed that 
bottom sediments consumed large amounts of oxygen in the Pagan 
and Elizabeth Rivers. However, the number of samples was 
small, and many aspects of benthal demand remain to be 
specified. Additionally, bhe bottom sediments may be either 
releasing nutrients to the overlying water or may be accumulating 
nutrients due to settling and deposition. Future field and 
model studies should incorporate benthal deposits in greater 
detail. 
3) The role of marshes in controlling water quality should 
be studied. 
Tidal marshes are common to most of the estuaries in 
the study area. It is believed that dissolved nutrients are 
taken up by the marsh systems and eventually released as 
particulate detritus. The extent to which these processes 
modify or control water quality in adjoining reaches of the 
rivers warrants further study so that modelling techniques 
can be improved. 
4) Dissolved oxygen content in runoff should be measured. 
Model studies showed that the DO in runoff was an 
important variable in determining receiving water DO'S, since 
the volume of runoff sometimes was large relative to the 
volume of the river segment. However, no measurements of 
runoff DO were noted in the literature. Ideally, DO measure- 
ments would be made at several points along the travel path 
to determine if it varies appreciably from its origin until 
entering the river. 
5) Combined nonpoint  loads  and r e c e i v i n g  wate r  impacts 
should be measured. 
Combined nonpoint  loads  were measured f o r  one o r  two 
s i t e s  on t h e  Peninsu la  dur ing  t h e  208  s tudy .  A t  l e a s t  one 
s i t e  i n  each b a s i n  should be monitored f o r  c a l i b r a t i n g  t h e  
stormwater runoff  model and t o  document t h e  s i z e  of nonpoint  
loads .  Receiving wate r  impacts w e r e  s t u d i e d  only  through 
model s imula t ions .  F i e l d  measurements should be made t o  
v e r i f y  t h a t  bo th  stormwater and r e c e i v i n g  wate r  models a r e  
accu ra t e .  
6 )  Overflow from water  supply r e s e r v o i r s  should be  monitored. 
Many of t h e  sma l l  ba s in s  c o n t a i n  wate r  supply r e s e r v o i r s  
which i n t e r c e p t  stormwater runof f .  The overf low from t h e s e  
r e s e r v o i r s  should be monitored t o  determine what p o r t i o n  of 
t h e  nonpoint  load i s  removed by s e t t l i n g  and t o  determine 
when and how much water  passes  through t h e  r e s e r v o i r s .  
Although managers of wate r  supply systems probably would b e  
i n t e r e s t e d  i n  t h i s  work too ,  from t h e  p o i n t  of view of e s t u a r i n e  
wate r  q u a l i t y ,  on ly  t h a t  p o r t i o n  which pas ses  through i s  
important .  The q u a n t i t y  of wate r  f lowing through t h e s e  
r e s e r v o i r s  w i l l  de termine,  i n  g r e a t  p a r t ,  t h e  r e s idence  t ime 
f o r  p o l l u t a n t s  i n  t h e  upper reaches  of t h e  e s t u a r i e s .  
7 )  More than  one i n t e n s i v e  survey should be  conducted, i f  
pos s ib l e .  
I n t e n s i v e  surveys  a r e  extremely u s e f u l  s i n c e  they 
provide t ime s e r i e s  of d a t a  s u f f i c i e n t  t o  determine t i d a l  
and d i u r n a l  t r ends .  However, longer  term t r e n d s ,  such a s  
t h e  d i f f e r e n c e  between s p r i n g  and neap t i d e s ,  a l s o  can be 
important .  I f  t i m e  and money permi t ,  more t han  one s tudy 
p e r  e s t u a r y  should be conducted. 
8) Hazardous chemicals and p o t e n t i a l l y  harmful subs tances  
should be  inc luded  where app rop r i a t e .  
Heavy me ta l s ,  p e s t i c i d e s ,  va r ious  hydrocarbons and 
o t h e r  byproducts of man's a c t i v i t i e s  can have s i g n i f i c a n t  
e c o l o g i c a l  impacts.  One o r  more of t h e s e  compounds a r e  known 
t o  e x i s t  i n  high concen t r a t i ons  i n  t h e  sediments of t h e  lower 
James River  and t h e  E l i z a b e t h  River .  These systems d e f i n i t e l y  
war ran t  s tudy  of t h e  accumulation of p o t e n t i a l l y  harmful 
substances .  Problems may e x i s t  i n  o t h e r  systems a s  w e l l ,  due 
t o  runoff  and p r e s e n t  o r  p a s t  waste  d i scha rges ,  b u t  documenta- 
t i o n  of t h e  problems i s  l e s s  compell ing than f o r  t h e  James 
and E l i zabe th .  
9 )  Stream c l a s s i f i c a t i o n s  which b e t t e r  r e f l e c t  n a t u r a l  
d i f f e r e n c e s  should be developed. 
With t h e  except ion  of f r e e  f lowing s t reams and t h e  
A t l a n t i c  Ocean, a l l  wa te r s  i n  t h e  208 s tudy  a r e  i n  Major 
Class  I1 - E s t u a r i n e  of t h e  V i r g i n i a  Water Q u a l i t y  Standards .  
This  ca tegory  i n c l u d e s  an exceedingly d i v e r s e  s e t  of a q u a t i c  
environments. Phys i ca l  c i r c u l a t i o n  can be c o n t r o l l e d  p r i m a r i l y  
by runoff  (eg.  upper reaches  of Pagan R i v e r ) ,  as t ronomical  
t i d e s  (eg.  Hampton Roads) o r  wind t i d e s  (eg.  Back Bay) .  
Cur ren ts  may be very  s t r o n g  o r  very  s lugg i sh .  Water s a l i n i t y  
ranges  from near  zero o r  f reshwater  t o  concen t r a t i ons  c l o s e  
t o  seawater .  Swamps and t h e i r  runoff  and t i d a l  marshes can 
a l t e r  wate r  q u a l i t y  c h a r a c t e r i s t i c s  i n  a d j a c e n t  r i v e r  segments. 
Water q u a l i t y  s t anda rds  should r e f l e c t  a t  l e a s t  some 
of t h e  d i f f e r e n c e s  which e x i s t  w i t h i n  t h i s  major c l a s s .  
Perhaps s t anda rds  should be r e l axed  where n a t u r a l l y  occu r r ing  
cond i t i ons  v i o l a t e  p r e s e n t  s t anda rds .  On t h e  o t h e r  hand, 
s tandards  might be  made more s t r i n g e n t  where c o n t r o l s  a r e  
f e a s i b l e  and improved water  q u a l i t y  would r e s u l t  i n  g r e a t e r  
economic and a e s t h e t i c  b e n e f i t s .  
Suggested N u t r i e n t  Reductions 
A t  numerous p o i n t s  i n  t h i s  r e p o r t  it has  been noted 
t h a t  t h e r e  are no c r i t e r i a  o r  s t anda rds  f o r  a s s e s s i n g  n u t r i e n t  
enrichment i n  e s t u a r i e s .  Nonetheless,  it appears  t h a t  
exces s ive  enrichment has occurred i n  s e v e r a l  p o r t i o n s  of  t h e  
208 s tudy  a r e a ,  and t h a t  cond i t i ons  a r e  approaching c r i t i c a l  
l e v e l s  i n  a  few o t h e r  l o c a t i o n s .  Therefore ,  a n ~ a t t e m p t  has  
been made t o  determine " t a r g e t  r educ t ions"  f o r  n u t r i e n t  loads .  
I n  t h i s  e x e r c i s e  it has  been assumed t h a t :  
1) ch lo rophy l l  "a"  concen t r a t i ons  g r e a t e r  
than  25 vg / l  a r e  excess ive ;  
2 )  t h a t  d i u r n a l  v a r i a t i o n s  i n  d i s so lved  oxygen 
l e v e l s  should always be less than  2 mg/l 
and p r e f e r r a b l y  should be  below 1 mg/l; 
3 )  s p e c i a l  s t anda rd  " j" should apply t o  most 
nonpoint  source  loadings .  This  s t anda rd  
r e q u i r e s  t o t a l  n i t r o g e n  concen t r a t i ons  t o  
be l e s s  than 0 .5  mg/l and t o t a l  phosphorus 
l e s s  than 1 . 0  mg/l. 
The suggested t a r g e t s  a r e  provided f o r  i l l u s t r a t i v e  purposes 
mainly and should n o t  be cons t rued  as d e f i n i t i v e  g o a l s ,  s i n c e  
t h e  even tua l  g o a l s  should be  based on wate r  q u a l i t y  s t anda rds  
i n s t e a d  of assumptions. 
1) LOWER JAMES RIVER AND HAMPTON ROADS 
Because of t h e  enormous volumes of d i l u t i o n  water  
a v a i l a b l e ,  n u t r i e n t  and BOD loads  t o  t h e  James were g e n e r a l l y  
w e l l  w i t h i n  t h e  r i v e r ' s  a s s i m i l a t i o n  capac i ty .  Minor DO 
problems (minimum D O ' S  around 4.8 mg/l) dur ing  w e t  weather 
were p r e d i c t e d  nea r  Hog I s l and .  No p o i n t  o r  nonpoint  load  
reduc t ions  a r e  r equ i r ed  a t  t h i s  t ime,  
2 )  YORK RIVER 
The York River i s  s i m i l a r  t o  t h e  James i n  t h a t  nonpoint  
loads  of BOD and n u t r i e n t s  do n o t  produce any r e a d i l y  i d e n t i -  
f i a b l e  degrada t ion  i n  water  q u a l i t y .  The depressed D O ' S  
p e r s i s t  through r a i n  e v e n t s ,  wi th  dec reases  due t o  runoff  
on t h e  o r d e r  of 0 . 1  mg/l o r  l e s s .  Diurnal  v a r i a t i o n s  a r e  
of  t h e  same magnitude. Therefore ,  u n t i l  t h e  processes  which 
produce t h e  oxygen s t r a t i f i c a t i o n  a r e  i d e n t i f i e d  and 
q u a n t i f i e d ,  no p o i n t  o r  nonpoint  load  r educ t ions  f o r  n u t r i e n t s  
and BOD a r e  r equ i r ed .  
3) POQUOSON RIVER 
No v i o l a t i o n s  of t h e  DO s t anda rds  were p r o j e c t e d  f o r  
t h e  Poquoson River.  However, d i u r n a l  v a r i a t i o n s  g r e a t e r  than 
1 mg/l were p r e d i c t e d  fol lowing t h e  des ign  storm. Nitrogen 
l e v e l s  were h igh  a s  w e l l ,  e s p e c i a l l y  i n  Chisman Creek, b u t  
s t i l l  appear t o  be  c o n t r o l l i n g  a l g a l  growth. Seve ra l  days 
fo l lowing  t h e  des ign  storm, t o t a l  n i t rogen  concen t r a t i ons  
averaged around 0.6  mg/l. Therefore ,  i t  i s  recommended t h a t  
a  2 0 %  r educ t ion  i n  nonpoint  loads  be t h e  t a r g e t  goal .  
4 )  BACK RIVER 
The Back R i v e r  i s  g e n e r a l l y  s i m i l a r  t o  t h e  Poquoson 
b u t  n u t r i e n t  enrichment i s  g r e a t e r .  Chlorophyl l  "a" l e v e l s  
fo l lowing  t h e  des ign  storm were g r e a t e r  and ranged up t o  
36 ~ g / l .  Ni t rogen l e v e l s  were high b u t  appear t o  be  c o n t r o l l i n g  
a l g a l  growth. T o t a l  n i t rogen  l e v e l s  were around 0.65 mg/l 
a f t e r  t h e  des ign  storm, i n d i c a t i n g  t h a t  a  reduc t ion  of about  
25% i s  c a l l e d  f o r .  S ince  t h e r e  a r e  no p o i n t  sources  t h e  
t a r g e t  g o a l  f o r  nonpoint sources  i s  a 25% reduc t ion .  
5)  PAGAN RIVER 
Water q u a l i t y  problems i n  t h e  Pagan River a r e  complex 
and severe .  Even i f  a l l  p o i n t  sou rces  of  BOD and n u t r i e n t s  
a r e  e l imina t ed ,  water  q u a l i t y  d e t e r i o r a t e s  s i g n i f i c a n t l y  
fol lowing r a i n  events .  A 50% reduc t ion  i n  BOD loads  brought  
pos t - r a in  event  D O ' S  c l o s e  t o  accep tab le  l e v e l s :  about  two 
m i l e s  of t h e  r i v e r  had D O ' S  between 3.8 and 4 . 0  mg/l f o r  a  
s h o r t  pe r iod ,  and d a i l y  average D O ' S  were less than 5  mg/l 
i n  a  t h r e e  mi l e  reach f o r  s e v e r a l  days. Both n i t rogen  and 
phosphorus were very high and peak ch lo rophy l l  concen t r a t i ons  
ranged up t o  n e a r l y  9 0  ug/ l .  T o t a l  n i t rogen  l e v e l s  averaged 
about  1.1 mg/l throughout t h e  e s tua ry .  
I t  i s  recognized t h a t  c o n t r o l  measures f o r  nonpoint  
source  p o l l u t i o n  cannot  ach ieve  t h e  l a r g e  r educ t ions  ( 9 0 %  
o r  more) t y p i c a l  of BOD removal i n  sewage t rea tment  p l a n t s .  
Nonetheless ,  it appears  t h a t  t h e s e  loads  should be reduced 
by a t  l e a s t  50% t o  e l i m i n a t e  t h e  most s e r i o u s  problems 
f o l l a u i n g  storm events .  
6 )  NANSEMOND RIVER 
The Nansemond River has problems s i m i l a r  t o  t h e  Pagan. 
The BOD loads  r e s u l t i n g  from t h e  des ign  storm a r e  very  l a r g e  
and r e s u l t  i n  depressed D O ' s  i n  t h e  upper 8 mi l e s  of t h e  
r i v e r .  Low va lues  were p r e d i c t e d  f o r  immediately below Lake 
Kilby and downriver, i n  t h e  v i c i n i t y  of B u r n e t t ' s  M i l l  Creek. 
I t  appears  t h a t  BOD loads  should be decreased by 30% t o  40% 
i n  o r d e r  t o  main ta in  accep tab le  DO l e v e l s .  I t  should be 
noted t h a t  t h e s e  e s t i m a t e s  a r e  even l e s s  accu ra t e  than  o t h e r s ,  
because f i e l d  d a t a  a r e  l ack ing  t o  document t h e  q u a n t i t y  and 
q u a l i t y  of t h e  wate r  f lowing from t h e  wate r  supply r e s e r v o i r s .  
7 )  ELIZABETH RIVER 
P r o j e c t e d  wate r  q u a l i t y  problems i n  t h e  E l i z a b e t h  
River appear t o  be t h e  r e s u l t  of nonpoint  loads  more than  
p o i n t  loadings .  N u t r i e n t ,  BOD, ch lo rophy l l  and DO con- 
c e n t r a t i o n s  v a r i e d  only  s l i g h t l y  when a l l  p o i n t  sources  w e r e  
removed from t h e  system. DO concen t r a t i ons  l e s s  than 4 mg/l 
were p r e d i c t e d  f o r  t h e  headwaters of t h e  t r i b u t a r i e s  fol lowing 
t h e  des ign  storm. Daily average D O ' S  were l e s s  than 5  mg/l 
from Lamberts P o i n t  t o  t h e  Deep Creek a r e a  on t h e  Southern 
Branch. I t  appears  t h a t  a  1 0 %  t o  2 0 %  reduc t ion  i n  BOD loads  
would be s u f f i c i e n t  f o r  t h e  main channel  and much of t h e  
Southern Branch. However, 30% t o  4 0 %  reduc t ions  i n  non- 
p o i n t  loads  t o  t h e  headwaters of a l l  t h e  t r i b u t a r i e s  a r e  
needed t o  improve D O ' s  and reduce n u t r i e n t  and ch lo rophy l l  
concen t r a t i ons  t o  accep tab le  l e v e l s .  P red ic t ed  ch lo rophy l l  "a"  
l e v e l s  were a t  o r  above 25 mg/l i n  t h e  upper segments of a l l  
t r i b u t a r i e s  fol lowing r a i n  events .  
8 )  LITTLE CREEK HARBOR 
L i t t l e  Creek Harbor had few water  q u a l i t y  problems 
p r o j e c t e d  f o r  1995 cond i t i ons .  Following r a i n  even t s  one 
segment had average d i s so lved  oxygen concen t r a t i ons  of 4.9 mg/l, 
and L i t t l e  Creek, t h e  n a t u r a l  branch of t h e  system, was 
p r o j e c t e d  t o  have ch lo rophy l l  "a" l e v e l s  ranging up t o  45 pg/ l .  
I n  t hose  segments of t h e  creek where t h e  a l g a l  bloom was 
p r o j e c t e d ,  i no rgan ic  n i t rogen  was completely removed from t h e  
water .  I t  i s  recommended t h a t  nonpoint  loads  be reduced 20% 
t o  3 0 %  i n  o rde r  t o  lower t h e  a l g a l  d e n s i t i e s .  
9 )  LYNNHAVEN BAY SYSTEM 
For 1995 cond i t i ons ,  bo th  BOD and n u t r i e n t  l oads  t o  t h e  
Lynnhaven system a r e  p r o j e c t e d  t o  cause  water  q u a l i t y  problems. 
The oxygen demand c r e a t e d  by decomposition of phytoplankton 
f u r t h e r  lowers DO concen t r a t i ons .  Average D O ' S  between 4 and 
5 mg/l a r e  p r o j e c t e d  even f o r  dry  per iods .  T o t a l  n i t r o g e n  
and phosphorus l e v e l s  were h igh ,  e s p e c i a l l y  a f t e r  r a i n  even t s ,  
b u t  i no rgan ic  p o r t i o n s  were r a p i d l y  taken up by t h e  a lgae .  
The t o t a l  n i t rogen  concen t r a t i on  i n  runoff  i s  around 1.45 mg/l, 
o r  roughly t h r e e  t imes t h e  l i m i t  s e t  by t h e  S t a t e  Water Cont ro l  
Board. Consequently, a  r educ t ion  of about 65% i s  needed t o  
meet t h e s e  l i m i t s .  This  t a r g e t  reduc t ion  i s  r equ i r ed  f o r  
Lynnhaven Bay, Broad Bay and Linkhorn Bay. P ro j ec t ed  BOD 
loads  t o  t h e  Eas t e rn  and Western Branches of Lynnhaven Bay 
should be reduced by a comparable amount, b u t  l e s s e r  r educ t ions  
i n  BOD loads  would be s u f f i c i e n t  i n  Broad and Linkhorn Bays. 
